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NMPEFUCIOBHE

DNEKTPOHHKY MOKHO KPAaTKO ONPEAEAHTh KaK 0071aCTb HAYKHM W TeX-
HUKR, HMEIINYID A0 € NPOXOKICHHCM DASKTPHYECKOro TOKa wepel
BaKyyM, fa3el W TBepasle MNOAYNPOBOARHKH, TIE€ 3INEKTPOHBH 4BALKOTCH
wnl NMPAKTHYECKM EIUHCTEEHHHIMH HOCHTENSMH TOKa (TOKH B BaKyyMe d
B NMONYNPOBOZHAKAK) HAW HIPAlOT CPeAH HOcATenell TOKa BakHeRluyro
ponb (TOKH B rasax). lIpeaMeToM 3JeKTPOHHKH 4BAAIOTCA ONUCAHHE W
ananu3 paboTH BCEBO3MOXHHX 3IACKTPOBIKYYMHHX H TOAYNPOBOAHHKO-
BRX NpHGOOPOB (3JEKTPOHHHX JAaMn, 3NeKTPOHHO-AYYEBHX TpyOok, ¢oTo-
3NEMEHTCB, MOHHHX BeHTHACH, NMONYNPOEOAHWKOBHIX AHOAOB W TPHUOLOB
U T, ), a TaKke pasiensl M3HKA, B KOTOPHX H3YYaioTCA SBJEHHS, Je-
KallAe B OCHOBe palOoTh yKasaHHMWIX NpuGOpOB (3NCKTPOHHAA GaaNNCTHKE
# 3AEKTPOHHas ONTHKA, 3ACKTPOHHAA 3MUCCHs, DNEKTPHUUECKHH TOK B ra-
3aX, HEKOTOpHE raasul (QUIHKH [IOJAYNPOBOAHHKOB).

JNEKTPOHHUKZ DPA3NCARETCAd HA (PUIUYECKYI0 3INeKTPOHUKY, K KOTOpO#H
OTHOCHTCR H3YUEHAC (QHBUYECKHX OCHOB JACHCTBUS 3JMEKTPOBAKYVMHBIX
M NOAYNPOBOAHMKOBHX MNpulOpOB, K TEXHHUYECKYIO 3IASKTPOHUKY, KyAad
BXOAAT BONPOCH KOHCTPYHPOBaHHs, MHXEHEPHOrG pacycTa W TEXHOJOTHH
H3rOTOB/ACHAS 3THX NPHOOPOB, 2 TAKME HIYUCHHE Pa3ANYHLIX IJICKTpHUE-
CKHX CXEM, CYLIeCTBEHHBHIMH 3JACMEHTaMu KOTOPHIX CAyKaT 3JAeKTPOBaKyyM-
HHE A NOJYNPOBOAHHKOBHE NPHOOPH. 2TOT NOCASAHHA M3  PA3nenoB
TEXHHYECKOHR SJAEKTPOHUKH COCTABAAET CYUIECTBEHHYIO YaCTh MHOrHX OT-
pacne TexHeKH (paAnOTEXHHMKA, aBTOMATHKa, 3JEKTPOMETPHS B T. ).

IlpeanaraeMas xumra, B OCHOBY KOTODOH NOJOXeH JeKUHOHHHE Kypc,
YATABIUMACR aBTOpOM #Ha pannopmusuyeckom daky/aprere [OPbKOBCKOFO
YHHBEPCHTETA, NOCBAeHa (H3H4ECKON 3aekTpoHuKke. HekoTopele cBeae-
HAA MO TeXBAYECKOR SAEKTPOHUKE BBEINEHH B HEe C LEAbi0 IaTh YHUTa-
TEN0 AOCTATOMHO KOHKPETHHE TNPEACTAaBA€HNs O BHEIIHEM BHIS,
KOHCTPYKTHBHOM O(MODM/EHHH H NAPaMETPaX NPOMBUIIEHHHIX 9/eKTPOBa-
KYYMHRX ¥ OAYNPOBOZHAKORKX TipndopoB. (Xemnl, COACPXKalue 3/eK-
TPOBAKYYMHHE K MONYNPOBOAHAKOBHE NPHOOPH, pacCMAaTPUBAIOTCA B KHAIE
MNOCTONBKY, MOCKOAbLKY 5TO HeOoOXOAHMO AAR BHACHEHAR TpeGoBaHKH,
npeavasiAfseMux K npubopam. [JosToMy npuseacHusle BO BTOpPOH 4acTH
KHErR {u. 1]) x2pakTepucTHKH ¥ TaGAnMUN NapaMeTPOB QTHOCATCH TOJBKO
K HEMHOruM upuGopam M He MOryT H3-33 CBOER HEMOMHOTH CHAYKHTL
AN HeOOXOAMMHYX B TEeXHWYECKMX pacyeTaX CHpasoK, 33 KOTOpPHMA



6 NPEAVCAOBHE

ciegyer o0paulathCs K KHAraM N0 TEXHRYECKOW 3MeKTPOHRKE # crpaBoy-
HOll AnTEpaTypCL.

Kuura paspenena #a nBe wactu. B nepso#t wacTte wanarawrca dusu-
YECKHE OCHOBH 9JACKTPORHMKH, T. €. OMUCAHME H TEGPHUA 9BJICHHH, HMCIO-
MIAX BAXKHOE 3HAUCHWE AN DPaGoTH DNEKTPOBAKYYMHBIX H HONYIDOBOA-
HuKOBBX NpuGOpoB. BTOpas vacTh CONEPKHT PUINICCKHE OCHOBH AeHCTBHA
31EKTPOBAKYYMHHIX H NOJYNPOBOAHUKOBKX TPROOPOB, T/4BHBIM O6pazoM
TEX W3 HHX, KOTOphE HMEWT Hau(onblIce NpPaKkTHYeCKO¢ 3HaueHne, He-
KOTOPHE PaZAEAL FMEKTPOHAKN (HaNPUMED, 3AEKTPOHNKE ORCTPRIX YacTHL),
H3NOKeHHe KOTOPHX 3HAUHTEALHO YBEAHUMAO On ¥ 0e3 Toro 6oanmLoH
00beM KHUTH, B HEH COBEPHIEHHO HE 3aTrparvBaloTCA.

MecT1o, KOTOpPOE 37€KTPOHMKA 3aRMMaCT B Y4YeGHBIX nAaHaX pag#o-
PH3UYECKHX B DPAIMOTEXHHUECKHUX (DAKYALTETOB, 3aCTABAACT NPEANONAraTsh
Yy udTaTeNs 3vaHHA Nno Pu3nKe ToALKO B 06veme obuero kypca. [Mostomy
B KHHTY BBENCHH HeOOXORUMHIC (H3UUECKHE JONO/HEHHR, KOTOpHE, KaK
M HEMHOTHME DaCyETH MIEKTPHYECKHX K MAaTHUTHHX NOAEH, XapaKTepHHX
ANA 3JEKTPOBAKYYMHHX NpROOPOB, BWHECEHH B mnpuaowesus, Cogepxa-
HHE KHHTH COOTBETCTBYET KYPCY OGINEH SNEKTPOHHKN, KOTOPHI YMTaeTCA
Ha pannodU3nUeCKHX (aKkyabTeTax YHHBEDCHTETOB, OOHAKO MOXHO Ha-
JEATHCA, YTO OHA OKAKETCA [0JEe3HHM Y4YeOHHM nocoGueM AAs (PU3MKOB
APYTHX CHEHHZAbHOCTEH # CTYIEHTOB 3II€KTPO- W PagNOTeXHHYECKHX ¢a-
KyJAbTETOB, 8 TaK¥e ANR UHAKEHEPOB, pabOTaiOIKX B IPOMLIIICHHOCTH.

Heof6xonumo otMeTrTe GOJBIIYIO NOMOLLL, KOTOPYIC OKAa3alH aBTOPY
sameuanus npod. H. WM. Howrosa, npod. P. A. Hunrenpepa u ocobenno
npod. B. M, Llapera w ero coTpyanukos, B3dBUIAX HA ce0s TPy penen-
SUPOBAHHA PYKOIMHCH KUHIH, ABTOD BbDaXKaeT MM CBOIO rayboKywo mapu-
3HaTeibHOCTb. ABTOp Oanaromapen Ttakwe B. B. bparancxomy, satpares-
IIEMY MHOIQ TPYAd Ha DEABKTHPOBAHWE KHHIHU.

B knwnre, ocofeHHo BO BTODOH uaCTd, B PAAE CAYYAEB HCHNOJb3GRBIHEE
4epTewu, 3aMMCTBOBAHHWE M3 KMUr [IDYrUX asTODOB, 43 KOTODHX cae-
ayer ocobo orMetuts KEWFY B, C. I'puropwesa # B. C. I'puropsesa
«ONeKTPOHHBE B HOHHBIC IPHUGOpPH>»,

B. H, lanonos



rTABA 1

ABHIKEHUE 3APIXKEHHBIX YACTUH B 3JXEKTPUYECKHUX
U MAIHHTHBIX TI0J8X

§ 1. dnexTpoHHan GAJJIMCTHKA H INEKTPOHHAN ONTHKA

1. 3apax 1 macca 3AeKTpoHA. DJIEKTPOHUKZ KaK OCOBHH paszen
HayKH H TEeXHuKH Hauasa QopMuposathcs B Kodue XIX Beka, koraa
NoYTH OJHOBpPEMEHHO GbAK OTKPHITH peHTreHoBckue ayud (B. K. Pent-
rey, 1895 r.), usoOpereHa 2AeKTpOHHO-ay4esas TpyOka (P, Bpayw,
1897 r.) n noseuauce (1897 r.) wccaenosanus . I. Tomcona, B Koto-
puX OHAO MNOKA3aHO, YTO OTKPHITHIE PAHEE KATOAHLIE YA NPEICTABAAIOT
cob0i MOTOKU YCKOAbLAABIIMX NpekIe OT HabAwACHHUS YACTHL, ellecTRa —
snekTpoHor, ToMconom 6uin H3MEDEH yIenAbHHH 3apsl SHeKTpOHA e/m,
(my — MacCa MELACHHO MABHAYULErOCd 3IJEKTPOHA, MNpPaKTHYECKH pasHas
€ro MacCe TOKOd), 3 HeCKoJbKo nozke MuanrdkeHom Oull  onpesenen
3apsALl 3JEKTPOHA & MO MeTOIy MAacasHHX Kanedas *). B Hactodmee spema
NPUHATH CAECAYIOLHE 3HAUEHNS e, e/my n my: e = 4,802 - 1071% CGSE (g) ==
= 1,601 . 107" x, e/my=15,273 - 10" CGSE(g)2"'=1,759 - 108 g .2,
my=—9,107 - 107%8 2,

ITycte 3anekTpoH, npoiizs yckopswoumee Hanpsxkenuwe U/, noayuaer cko-
pocth v, O003Hayas MACCY 3AEKTPOHA, MMEOWEro CKOPOCTh T, Yepe3 m,
H HCHO/Mb3ys 33KOH B3aUMOCBA3H SHEPTHA M MacChl, COTJIACHO KOTOPOMY
SHCPrua PaBHa nNPOH3BEACHWIO MACCH Ha KBaApaT CKOPOCTH CBeTa ¢,
MOXHO HallBCaTh!

et = mge? - el (1.1)

C ApyroH CTOPOHH, M., H M, CB3aHH COOTHOIIEHHUEM

= . (1.2)

3axon B33MUMOCBA3H IVEPrUd H Maccw H dopuyaa (1.2). aaomas 3asu-
CHMOCTb MaCCH OT CKOPOCTH, ABJMIOTCH BaXKHEAIIMMH CJEACTBURMH reo-

¥) Oure Tomcona w Muaminkena, a Takme 6oJee TouyHWe no3JHeHuIne
OORITH (10 HIMEPEHNIO & W £:72) OUMCHIBANICA B RYpCe ofuwel puszuka.



8 ABWKEHHE 3APTKEAHBLIX HACTHI B 9JEKTPAY. W MArH., moasx [ra. 1

PMH OTHOCHTEALHOCTH, ¥ OHH, KaK W3BECTHO, BNOJHE HAASKHO TMOATBEP-
KACHB HAGTOICHHAMH HAA~AIEPHBIMH peakuusMd U Hag OblCTPEIMH ua-
cruname (JL. A, 1, = 1L ra. 21, 27, JI A 2, 1. 11}, ra. 235, 32).

Us dopmyn (1.1) 1 (1.2) and KuHeTwuecko#H SHEPrud aeKTpoHa K

NONYYHM;
l 1
V-2

OBo3HayuM Yepes v, CKOPOCTh, KOTOPYK HMea Onl 3JEKTPoH, ecau Ow
ero Macca He 3aeacena or ckopocTH. OueBHMaHO, UTO

Tp— ]/ ;;i} =593 - 10"V U [cm/cex], (1.4)

ecan [J pripaxeno B soabTax. iz (1.3) u (1.4} And CKOPOCTH ©, BHYUC-
AeHHOH ¢ yueToM pPensTUBHCTCKOMNW T. € HalieHsod H3 TeOpHAR
OTHOCHTEMEHOCTH, NONPaBKH MOAYYUM:

.

—1{. (13)

K=—el =m * — myct=my*

|
1 2
2 3y

[MpeoGpaayem ¢opuyant (1.8) v (1.2) Tak, 4to6sl B HMX AT BHYHC-
NeHUS T W M, MOXKHO OBAO Ol TNPAMO NOACTAaBAATh YCKOPSIOUICE HA-

v=c{l-— . (15)

npsxeswe. Beraraas vj=— ?m-e— { v uucnennsie 3qavennn ¢ = 3. 10" cu/cew,
[
e/my="5,273 - 107 CGSE(g) 2 u supawas U/ B soabTax, noayuum:
!
_ ‘ ]5 [c.fcex] (1.52)
(141,957 - 107U T ’ .
= my (1 - 1,957 - 107 U). (1.23)

v—3. 101"[1

$opmyan (1.2), (1.2a), (1.5) » (1.5a) NO3BOAAOT BLIYKCANTL PEASTHBHCT -
CKHe NONP3BKY AAS Maccsl W ckopocTWh. Hampumep, npy UU=3000 s
PENATUBMCTCKAA NONPAaRKa K CKOPOCTH cocTasaser okoao (,43%/,. B aaex-
TPOBAKYYMHLIX NpubOpax HepenkH HanpmKeHHs eule OOoMblive, H Toraa
B TOYHHE paCyersl CACAYET BBOAWTHL PEIATUBHCTCKYH MOMPABKY.

B 1abn, 1 paum 3HaueHks v U m /m; 08 PA3IHUHBIY YCKODSRIOIMAX
HanpsKenuf, _

SNeKTPOHEL MOrYT CYLIECTBOBATE B CBODOAHOM COCTOSHHM WJIM BXO-
OHTL B COCT4B ATOMODB; CJEIOHATEABHO, IEKTPOH — 4acTHIA CyGATOMHOTO
pasMepa. KoawueCTBEHHYI0 OUEHKY pa3MEPOB 3J€KTPOHA MOKHO AAaThb,
CIEJNAB HEKOTOPHE NPEMIONOMEHUA O NPUPOIE €ro MHePTHOR MacChi.

Kaxk u3BecTHO W3 22eKTPOJAMHAMUKMY, NPH YCKOPEHUH 3JEKTPOHA BCAEK-
CTBUE M3MECHEHHS €r0 MArHHTHOIO NOMA N0ABISeTCs 3NeKTPHYECKOE N0ae,
Neflcreyloulee Ha 3JEKTPOH € CUNOH, HAMpPaBACHHOH B CTOPOHY, 00paTHY KO



1] _9MEKTPOHHAS BAJANCTHKA U 9AEKTPOHHAS ONTHKA 9

7/

VCKOPEHRIO. Otoona CNEAYeT, YTO MAcca 9/IeKTpOHZ XO0TA OH  4acTHYHO
MMeel EKTPOMarHuTHYW npupony.
Tabaunma |

CropocTh 0, OTHOMEHHE M /My, H AAHHA BOJHMI
INEHTPOHA i

i:ﬁgﬁ'::ﬁ? 'a(:nlg;;ﬂ, m_ /my Ao A
g
] 0,000832 1,6000020 12,26
102 0,05932 1,0001957 1,226
3108 0,324 1,00587 0,2237
104 0,5846 1,014937 0,1220
3. 10 1,237 1,0978 ,05353
10° 1,644 1,1957 0,0370
5. 109 2,088 1,9785 0,0142
108 2,822 2,957 0,0087
107 2,895 20,57 O,UUT'IS
A

Ecau npeicTasuth cefe 3MCKTDOH B BHAE YACTHUH H NPEANON0XHTEH,
yTO OH uUMeeT QopMY apa pajMyca 7, TO s NEKTPOMATHHTHOHN MaccH
saekTpona noayvaerca (JI. A, 3, 1. 1, ra. 1) -

my =k = {1.6)
au - .

re3?

roe k& — KO3(hQHUKEHT MOPHIKA EeAHHHIH, TOUHOE 3SHAYEHHE KOTOPOro
3aBHCHT OT pacnpeaenéhus 3apsaa no obvemy mapa. Hanpumep, npu
NOBEPXHOCTHOM paclpeJeNneHun 3apana £ ==2/3, a np¥ pasBHOMEPHOM pac-
npeneaeHud 3apaaa no o6beMy XZ==4/5. Tak Kak O pacnpeieJeHHH 3a-
pana no o06beMy 9JEKTPOHA HHYEro ONPEREAEHHOrG CKa3aTh Heln3s, TO
eCTeCTBEHHO TIPH OLCHKE BEAUYUHBL 7 cuHtaTh # = 1. Ecan Teneps, cae-
ays MbicaH, Beickazannod . 1. Tomconom ewme 8 1881 r., npuuaTh, uTO
BCH W3MEDEHHAsA Ha OMNBITE MAcCa 2AEKTPOHA My HMEET 3JIeKTPOMArHHT-
HYl0 nipupony, 10 m,, —my u u3 (1.6) caeayer:

r=-_=—28.10"% cx (1.7)

T omeer T 7 ' '

Onpenenentas Ttakum o6paz0oM BEJIMYMHA F HA3BIBAETCA KJAACCHYECKHM
PaANYyCOM 3MEKTPOH2. DTO HA3BAHHE CBA3AHO C TEM, YTO B NPEICTABACHUM
KAACCHYECKONH, NOKBAHTOBOA (PH3UKH IMEKTPOH O TOABKO vacTHLEH
pasMepom mopaaxa 10713 cu,

2. BoaHozbie ceoicTBA 3JekTpoHa., OnHuM uH3 TJ3ABHEIX AOCTHXKE-
HAH (QH3UKH 33 NOCASIHHE HECATHACTHA OLIN0 OTKPHTHE BOAHOBHX CBOHCTE
AEKTPOHZ. JTOMY COOHTHIO NPEAMECTBOBAAA GAH3KO C HUM CBI3aHHHE
OTKPHTUS B OflTHKE,

Baxtaelluny HTOroM passitua yuyesus O cueTe OHACG C/IOKUBIIEECH
B Hauyaze 2TOro BeKa 1sepaoe yOekACHHE B JABOHCTBCHHOCTH NPHDPOIb



10 XBWKEHHE SAPMXEHHBIX YACTHI B 3JAEKTPAY. W MATH. moagx [ra. 1

cpeTa: OHAO YCTaHOBNEHO, 4TO 3ACKTPOMACHUTHOS HINYueHHe o6nanaer
OAHOBPEMEHHO KaK BOJHOBHIMH CBOWCTBAMH, TaK H CBOHCTBAMH MNOTGKA
YaCTHI-QOTOHOB, NPHYEM B 33aBUCUMOCTH OT YCAOBHH ONHTA OAHO N3
3TUX CBOHCTB MOWer npeobnafaTe B TAKOR CTENEHH, YTO BTOPOE CROH-
CTBO NPH HMCTOJKGBAHMHM JAHHOrQ ONKTAa MOXKHO COBEPINEHHO HMHODH-
poBath., TaK, Mp# HCTOAKOBAKMK OCHOBHHX 3aKOHOMepHOCTeH (oTO3NEK-
TPOHHOA 3MUCCHH (BE3bHE PUHOHHOC Th, 33KOH DHHIITERHA) W3AYYEHUE MOKHO
pPaccMaTpuBaTh Kak MOTOK (OTOHOB, HFHODPHPYd BOJHOBGLEC CBOHCTBAa H3-
AY4YeHUA, 2 B TEOPUM Audpakuvu cBera, HAOBOPOT, MOKHO COBEPIIEHHO
He YINOMUHATh O (POoTOHAaX. Kak roBopaT, B HEKOTOPHX CAYUYadX TPHXO-
AUTCH (O0JAR30OBATHCE BOJAHOBOM KapTHHOH, a B APYrUX — KODNYCKYyJAspHOH.

Ecau an9 gOAHOBOH KapTUHW XaDaKTEPHBIMR BEAHYHHAMH ABISIOTCH
4acTOTa Y 4 ANMHE BOJHH A, TO 4acTHUA-(POTOH XaPaKTEPH3YETCA 3Hep-
ruest W n umnyabcom p. Cesi3b MeAIy 3TUMH BEJIHYMHIMH JAEFKO YCTa-
HasauBaercs. C OJAHOH CTOpPOHH,

he
W:hv:—.--_ (1.8)
C Apyro# CTOPOHH, COOTHOIIEHHE MEKIY 3HEpTHed W MaccOi UMEET BH]
W — mc*,
M Tak Kak QOTOH ABUAKETCHS CO CKOPOCTHIO £, TO €ro uMmy.nc Oyser
w fiv i)
pr=mi=—=—=7. (1.9

B 1924 r. ¢pannyscknit dusux JI. ae Bpo#iap BeCKI3an MHCAbL, YTO
NPOYHO YCTAHOBJEHHEIA B ONTHKE AYya M3M BOJH-YACTHL JOMKEH MPO-
SBUTHCR W AJd UACTHI BEIECTBA, B YaCTHOCTH H A8 3NEKTPOHOB.

i
Jle Bpolib npeanosioxui, 4re COOTHOUEHUE p =3 CNPaBeiNHBO 13

Ao6WX 4aCTHR BElEeCcTBA M YTO TaKuM OO6pasOM YacTHUE ¢ Macco# #,
ABHAYUIEHCH CO CKOPOCThID U, «COCTBETCTBYET:® BOAHA AJAUHOR

A= B (1.10)

P mou’

HJR, 0603Hauan yepes W NOJAHYO 3HCPrUlO 4YaCTHIWL B 4epes -—ee
NOTCHUHMAARHYIO 3HEPrHio, NOJay4HM:

S A V= )
K= 5 =W—II, v= 2 —

4 (1.11)
T Vom(w—1y ¢

Ilag cpoGoaHOH, T. e, aBuxyuielica BHE CHAOBOrO NOAA, YaCTHIH
h f

l:—_‘ﬂ_:

VQmW—":m—. (1.12)



§ 1 DARKTPOHHAR BAJLTHCTHKA M SAEKTPOHHAS ONTHKA 11

JLAuHH BOAH 3A€KTDOHOB DAa3JH4HEIX CKOpOCTed npusedeHs & tada. 1. I
[Tpn HEGONBLIIAX CKOPOCTHX, KOTAA ? Aw ¥y, MOKHO AJHHY BOJHH 3J€K-
TpoHa HalTu no (Gopuyre

h
y N R )
e T (1.13a)
HAN
150
A==10"% rew]=1225 L & 1,136
[cn] T A ( )

rae {J— ycxopdiollee HanpaxeHnue B BOALTAX.
Ilpn OGonbwAX CKOPOCTAX, YUATHRAN pEAATUBACTCKYIO OOMPaBKY,
eMecTo (1.136) caexyer noab3oBatbcs Gopmy.10H

1295 1
T YU Yi40878-10¢.0

Kak BHINO, AAMHB BOJAH 3ACKTPOHOB IPH HANOPAKEHUSX NOPLAKA
COTEH BOJLT OKA3blBATCA OAM3KUMH K MEXIYATOMHBLIM PACCTOAHHAM B
KPUCTAANAX, 3HAUHAT, (IPH OTPAXKEHHY IECKTPOHOB OT KPUCTANJIOB H NpPO-
XOQXKOEHHA HX Y€pe3 KPHCTAJAW MOWKHO ObHa0 OXMAATE BOSHRKHOBEHHS
APPAKUHOHHKX ABJeHHH, KaK 370 OblJ0 HaKaeHO paHbmie 419 penre-
HOBCKHX ayueh.

MHorouncaenHne OMBITH, NPOAEJAHHEE B NEPBYIO O4epedwn ¢ Myu-
KaMd SAEKTPOHOB, 8 3aTEM HW C MOJCKYJaPHLIMM TYUKaMu W OYUKaMR
BPOTOHOR M HeHTPOHOB, NOJHOCTLIO NOATBEpAMad uaer fge Bpodna u
npasuabHOoCTh dopmyan (1.10) (JI. A I, . I, ra. XXV; JI A, 1 u 3,
1. 1, ea. X).

B cootHOwenun Ae Bpoiaa ana MeANCHHOTO 3AEKTPOHA

h
myr *

A. (1.14)

A==

¢ 03HAYAET €r'0 CKOPOCTb. DTa CBA3bL MEKIAY ANAHOW BOAHB B CKOPOCTHIO,
FOBOPSA- HA A3LIKE ONTHKH YKA3WMBIET, UTO 3TEKTPOHHHNE BOAHL 00Aa1a0T
Ancnepcie’ W MX rpynioBas CKOPOCTh OTAANAETCH OT (a3osol CKOPOCTH.
B KBaHTOBOM (uanKe CKOPOCTb 4acid.bl OTOXKIECTRAAETC € TPYNNOBOH
CKOPOCTBIO Tp,,. OmnuM U3 OCHOBAHHA 4R TAKOTO OTOXIECTBIAEHHUS MOMKET
CIYXATL CACAYIOMEE COO0PAKEHUE: YACTHUE KAACCHUYECKOH (PH3HKH, 3aHH-
Mamowehd B NpocTpaHcree He(OabIION OO0beM, eCTeCTBEHHO CONOCTABHTH
Takod BOAHOBOH NPOUECC, aMITHTYAA KOTOPOro BeAMKa TOJAbLKO B HE-
GoaplioM ofbeve, B TO Bpema KAk BO BCeM OCTAALHOM NPOCTPAHCTBE
OHZ NOYTH P2aBHA HYAI0. JTO TaK HIZWMBAIEMLH BOaHOBOK naker. Boaxo-
BOH makeT oOpadyerca npud CyuepnozdilidH #0AH € HEIPEPHIBHO MEHsH-
WEeACSs 4acTOTOR, W OH nepeve.dtdercs B ODOCTPIHCTHE CO CKOPOCTHIO,
paBHOH rpynmosoft ckopocTd. fpyroe oGocHOoBAlKHE ITOr0 OPEANOAQKE-
HHA MH CeHyac moayuds. [[a9 rpynnosBofl CKOPOCIW U, MOXKHO HAlKCATh:
dv

_ ¢
'Urp——l.f@ Py ﬂ,

rp



12 ABHXEHUE 3APHKEHHHX UACTHU B 3JEKTPRY, § MATH. nonsx [rn 1

rae vy, — azopan ckopocty [em. JL Al 1, 1. [, ran 19 wan JL A, 2,
1. [, § 105} Tak wak Av=1y, 10

hu ) A g dv _ dv
kN

[Moaaras, 4TO CKOPOCTH 3AEKTPOMA ¥ PABHZ IPYNNOBOH CKOPOCTH,
NOAYUUM!

d d d
V=T = hodv.  ywdo=hdy,

TN

HuTerpupoBaHue MOCACAHETO PAHEHCTBA 1aCT AAS SHEPrHH

W= . (1.15)
JlAs 3HEprud 3MEeKTIPOHA MOJAYYHAZCh Td Ke cavas PopMyaa. 410 4 aas
sueprun dotona. Cootnowenne W —hv umeer, TakuM o0pasoM, cbiee
syayeHne B Keantopol ¢msnke. Ha 3710 creayer cMoTperp Kak Ha nod-
TREPKACHHE TIPABMIBHOCTH OTOKIECTBACHHS CKOPOCTH 3JAEKTPOHA C rpyil-
NOBOH CKOPDOCTBLIO HICKTPDOHHKX BOJAH,

CheayeT nNONYEPKHYTh, 4YTO BOJHOBBEE CBOHCTBA MNPOSBIAAITCA HE
TOABKO B MJIOTHHX MOTOKAaX 4acTHi, HO OHH MPHUCYIH KawIo# 4YacTHue,
OBMKYwWeHACs CcoBepieHHo n3oa#poBanHo, C  ocoloi  yOeaHTensHOCTbED
95T0 Gnao mnoxaszano B 1949 r. PaGpuxanvom, CymkuneiM 4 BuGepma-
HOM (B MoOCKkBe), KOTOpHE HCCAenoBanH AVGPAKEUID B KPUCTANIE OKHCH
MarHHS: OYeHb PasSPEMEHHOr0 NOTOKa SJEKTPOHOB, COCTOABILErO BCEro
uz 4,2.10° 2aekTpoHOB B Cekynay (3TO COOTBETCTBYET CHAE TOKa
okoao 7,7 - 107"% g). Mexay noasaenviem B nx npubope AByxX cienyio-
HIMX APYr 3a APYrOM 3JEKTPOHOB npotekato B cpeaueM 2,4 - 1074 cex,
Mexay TeM yckopsomee HanpmxeHde GOS0 TaKOBO, YTO BPEMs MPOJETa
snexkTpona vepes npubGop Owmao 8,5 - 107 cex. OrHOUIEHHE ABYX yKa-

24 . 10 .
W _ 30 000. 31‘0 3HAYHT,

YTO [OCNEe TPOXOKIAEHAA OTAEALHOrQ 3JEKTpPOHa npubOp OCTaBaaca my-
CTHIM B TeueHie -BpevMeHd, B cpegnem B 30000 pas Goanwero, uem
BpeMs npoGera 3aeKTpoHa uepes npufop. flcuo, uTO 3M€CH BEPOSTHOCTDH
NOABJEHKA B KPHCTZAAE OJIHOBPEMEHHO XOTA Onl ABYX 3JEKTPOHOB CO-
BEPIIEHHO HHYTOXHA W Mhl HUMEeM [AeJ0 C RB3auMOJEHCTBUEM MEKAY
KPHCTaAJMOM W OAHMHOUHEIMH 3JeKTpoHaMu. (OKa3anoCk (KOHEYHOo, nocae
JAUTENbHOR 3KCIO3AUMH), YTO MPNA NPOXOANEHAH OLUHOYHHX 3INEKTPCOHOB
uepes KPHCTaaa TNOAYUAeTCA B TOYHOCTH TaKaa e AMPPAKUUOHHAA Kap-
THHA. KaK (pU TPOXOKIEHUN INEKTPOHHOTO Nyuka S0JbWION MJAOTHOCTH,
Tem caMbM OwI0 IKCTIEPUMEHTAJIBHO A0KAZAHO, YTO KaWAWH 3AEKTpOH
B OTAEALBOCTH 006a2713€1 HBOAHOBHMHY CBORCTEAMY,

3. nexTpoHHan GanAMCTHKA W Opedesibl ee NpuMeHAMoOCTH. Hrak,
ONKWT MNOKa3aJ, YTG B HCKOTOPLIX YCAOBUAX ABHAKEHHE 3JIEKTPOHOB H HX

34HHHX YHTCPBAJMOB BPEMEHH PABHO
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B3AMMOAEHCTBME € BEINECTBOM CAEAYET M3yuath, (OAb3YACH BOMHOBOMH
KapThnod. Ho X0poto H3BECTHO, YTO B ApYyrudxX VCIOBHAX ABUKEHHAE
JEKTPOHOB MOKHO Hd3yyatbh, NOJALIYICh KOpPOYCKYaapHOR KapTHHOH H
COBEPUICHHO HMIHOPHPYA BOMHOBHIE CBOHCTBA 3NEKTPOHA. 3a#MCTBYA Ha-
3BAHHE H3 MEXaHBKH, Mu OyIeM ropopHTh 00 3JEKTPOHHOH OaaaucTuke
TOr4a, KOraa 3A€KTPOH PaCcCMATPHBAETCA TOABKO KaK YacTHua cyGaToM-
HelX pasMepos. [IpH STOM, KK M B MEXAHUKE MAKPOCKONHYECKHX Ten,
Mbl OyaeM OnepUpPOBATH CO CKOPACTAMH (¥AW UMMOYAbCAMH) U KOOPAHHA-
TaMu 3JCKTPOHA, KOTOPHIE B NpWHUMNE (HANPHMep, UCCAeays MbICAEHHbI
SKCIEPHMEHTH) MOXHO ONPEAEaHTh OIHOBPEMEHHO € M000f TOYHOCTDBIO.
{loas3oBanne 3J€KTDOHHOH GaANMCTHKOH, rAae NOJHOCTHIC UTHOPHPYIOTCH
BOJIHOBHIE CBOHUCTBA 3JEKTDPORA, BCeraa JOAKHO OWTE KAaK-TO OrpaHu-
YeHO M AOAKHBE CYWECTBOBATHL NPOGAEME, NPH PEEHHH KOTOPHX Hean3s
oboiiTHCh 6e3 yuera BOJMHOBBIX CcBOHCTB., OuéHb BaAHO HAaHTH, B KaKAX
NMpeaciaX MOKHO YBEPEHHO TONB30BATLCS NPEICTABACHHEM 00 IACKTPOHE
KdK 4YacTHle., 3TO OrpaHHYeHAe CODEPIKUICA B H3BECTHOM H3 KBaHTOBOH
MEXAHUKK COOTHOWEHAH HeonpeaeneHHoctel ). [laa nBaxkesna mo na-
NPABACHAIO OCH X COOTHOLIEHHE HEOUPEAECNEHHOCTEH umeer Bua

Ap Ax << h. (1.16)

Bpece Ax w Ap,— HETOYHOCTH B OQUPEJEAEHMH KOOPAHHATH X
¥ COCTABJAOLICH HMOYABRCA p,, KOTOPHE NOJYHAIOTCH NPH OAHOBPEMEH-
HOM HX HaMmepenuu. CyulecTBEHHO, YTO AEIO 31€Ch BOBCE HE B HECOBEp-
1IeHCTBE [IPHMEHAEMHX 1S5 U3MepeHus npubopoB U CBA3AHHHWX C HAM
omwnGKax sKcnepuMenTa. [Ipn m3mepeHWH WACANLHO TOUYHBIMH NPUOOpaMH,
KOTOpHE MOryT (PHIYDUPOBAaTb NPH HCCAEAOBZHHH MBICAEHHMX 3KCIHe-
pHMEHTOR, fpousmegenue nerounocTelh Ax u Ap, ocraerca KoHneyHol
Be/AHYAHOU nopsaaxa A

Hnsa Toro ytoOm OpH UCCAENOBAHHH ABHKEHUS 3JEKTPOHOB MOXKHO
6ulJI0 MOAL30BATHCA 3AKOHAMH MEXAHUKH (MHBIMH C0BaMH, [O/ML30BATLCH
30EKTPORHOH 0anaucTuKoOR), HEOOX0.IMMO HMETh HO3MOXHOCTh 33IaBaTh
CKOPOCThH ¥ KOODAMHATH 3J€KTPOHA B KaxiI0# TOYKE TPACKTODHH, T. €.
onHospemenHo, M3 cooTHOw:eHMAa HeonpepeseHHOCTEH caeayer, uTo,
CTPOro roBOPA, 3TO HEROIMOXMHO HW A KAaKoP vacTane. Ho B ouens
MHOTHX CJy4asX OIHOBDEMEHHOE OflpeieieHHe KOODAKHATH H CKOPOCTH
BO3MOXHO € TOYHOCTHIO, BIIGJIHE AOCTaTOYHOH naa npaktukd. Paccmor-
PUM HECKOJILKO TNPHMEPOB.

Ilns makpockonu4yeckoB 4YacTuusl, uMelmeH wmaccy, Hanpumep, 1 e,
ecau ee moAOKeHAe ONpeeneHo ¢ TounocThio Ar=—1A=10"% (x4,
NONY43€TCs, 4TO CKOPOCTh MOXET GbiTb H3MEpPEeHa ¢ TOYHOCThIO AC

Ao 662 107

Aﬂ:mnx'— - 16¢

=6,62 - 107 cu/cex.

*) Cwm., Hanpumep, s1emenTapHbfi ouepk KBaHTOBOR MexaHukn B JI A, I,
T ), e 25 wauw J1 AL 2, 1. 1, ra. 31,
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J10 Gonee ueM AOCTaTOYHash TOYHOCTE M AAS MEXAHUKH MAKDOCKONH-
YECKUX TEA COQTHOUIEHME HEOMPEASAEHHOCTH HE COBXAeT HUKAKNX TPya-
HOCTEeH,

Ina 3anektpoda (macca 9,1 . 107 2) coorHowenwe Heonpenenex-
HOCTH Haet -

Ax &wfmv—h—:'?ﬁ cx?fcer.
Hig

CKOpOCTh 2A€KTPOHOB BHYTPH 4TOMOB, [0 NPEACTABAEHHAM TEOPHH
Bopa *), Beanuunna nopaaka 108 ca/cer *¥*), ToBops o aBuXKeHur saex-
TPOHAa MO TPAEKTOPHHW, HEMb3 YIOBJAETBOPUTHCH TOUHOCTHIO MEHBIUEH,
yem Ay =107 cu/cex. Ho Torma

ﬁx:—%: 7,3 . 10-7 cHM,
T. € He TOUbKO Henb3sl TOBODUTh O TPAEKTOPHH SAEKTPOHA BHYTpH
ATOMa, HO J2'K€ HEAB3A C YBEPEHHOCTHIO CKa3aTh, DPUHALJNECHKHUT NH OH
JaHHOMY aTOMY, TaK Kak amamerp atoma nopsixa 1078 ca,

[Tycts Temepp nepen HamMu CTOMT 3a1aya H3YUCHUA TPAEKTOPHH 3NeK-
TPOHOB B WIEKTPOHHOH Jamme HaH Aun3e. PaaMepn pgeranel 3THX OpH-
GOPOB, HANPHMEP OTBEPCTUA AuadparMbl JUHSH HAH NPOCBETOB MENAY
DPYTbAMH CETKH, CAMOE MEHbWICE, MOPALKa AECATHX AOASH MUIIHMETpa,
NOSTOMY AdA AX MO#HO NPH3HATHL HOCTATOYHOR BeAHuuny Ax = 107+ ca.
Torga Av==73-10% cujcex. Ilpn nanpawenns 100 s, oOutunoM B
5AEKTPOHBRIX JIaMnaX, SJEKTPOHH HMelT ckopocTh 3,93 - 108 ca/cex,

Av 0 .
T. €. T:O,OIQ /o W, BHAYHT, KaK MO0J0KEHUE, TaK ¥ CKOPOCTh SAeK-

TpoHa MoryT ObiTh onpefeneHs eme € Goabwo# tounocrai., Chrepopa-
TeAbHO, B 3JEKTPOHHWX 0NpHOOpax BCEraa, 3a MCKAKUYEHHEM pasee MoKa
NPAKTHUECKH HEBCTPEYAIOUIMXCHE CAYUaeB, Koraa tpedyerca o4eHb BHCOKas
TOUHOCTH TIPH HUBKHX YCKODAKILHX HAMPAKEHHAX, MOXKHO NOALIOBATLCH
KJaccuuecKoft mMeXaHuKoH, WHBIMM CIOBaMM, SACKTPOHHOE GaanmcTHKOH,

4. JaeKTPOHHAR ONTHKA. K u3yueHnio ABHMEHHA 3APAWEHHBIX YaCTHY
B SJACKTPHYECKUX W MAarHATHHX [OJASX MOXHO TOACHTH 4 OCHOBLIBasiCh
H3 BOJHOBBIX CBOHCTBAX 4acTul. B HEKOTOpHX cAy4asaX 3TC HeoOXOauMO,
TIpumepoM MOXKeT cayxuTb 3agada o0 OTpakeHuM 3SAEKTPOHOB OT KpH-
craanuueckKof peierkH, GaH3Kaf K COOTBETCTBYOWEH 3aJave 13 (DH3UKH
PEHTTEHOBCKUX ayueHd. dudpaxkuud W OTpPakeHHEe SAEKTDOHOB OT KpH-
CTaaA0B COCTABJAT Pazjienbl 3J1EKTPOHHOH BONHOBOR ONTHKA.

M3secTHo, uTO BONHOBAaR ONTHKA MPH YMCHBLIIEHMW JJAHHE BOJHH
NepexoauT B reoMEeTPHUYECKYIO ONTHKY, B KGTOPOH COPABCAAHBH 34KOHN
NPAMOAMHENHOr0 pacnpocTPaHCHHs, OTPAKEHHR W NPEAOMJIeHUS CBETOBHIX

¥) CM., Hanpumep, JI. A, 1, 1. II, ra, 25,

Tl

nh
soc yucro, Ionarag n = 1 (HopMaaLHOE COCTOHHEE), NOAYUHM U=z 2,2- 10% catfcex,

%%) [lan aTOM3 BOAOpPONA, HANPHMEP, V= rie n — riJaBHoe KBaHTo-
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ayue. Ho 35Tu 3aKOHBI reOMETpPHYECKOH ONTHKH BIOJHE €CTECTBEHHO
COrIaCyITCA H ¢ KOPHYCKYJAADHOR HbIOTOHOBOH TeopHell cseta. Qfe
TEOPHH, KOPNYCKYAADHER #H BOAHOBAA, JAIOT OZHO H TO Ke B npeeiax
TEOMETPHYECKOH OMNTHKRA.

Janupie T126a, 1.1 nokasssator, urQ AIMHN 3MEKTPOHHHYX BOJIH Ha-
CTO/NLKO Maabl, YTO KpPUTEPUH NDUMEHUMOCTH reoMeTpuueckKoll OMTUKH
And HUX  JO/UKEH BLINOJHATHCA BO MHOrHMX Caydadax. 10T KpaTepui,
paccMarpuBaeMut B Kypce obwe#t ¢H3HKH, MOKHO CPOpPMYIUpOBATE Tax:
eCJAH HENPO3PAYHLIE 3KPAHB EJIH OTBEPCTAR, CTOAIIHE Ha NYTH BOJH,
NOKPHBAT OO0/ABIIOE YHCAO (DPEHEJEBCKHX 30H, TO MPHMEHUMA reoMer-
puueckas ontuka, OTBEDCTHA H SKpaHb, € KOTODMMM NPUXOANTCA MMETDH
AEeN0 B 3ACKTPOBAKYYMHHX mnpubopax, I[IOUTE BCeraa yIoBJAeTBOPSIOT
3TO0My TpeGosannw. PaccmorpaM xoTa Osl TakoR npuMep: Ha xpyraoe
OTBEPCTHE IRaMCTpOM 0,1 MM, HPO4CAdHHOC B METAATHAHCECKOM 3KPAHEe,
NafaloT MAOCKUE 3AEKTPOHHE BOAHW nauuodt 1,2A. Jlpyrumu caosamu,
Ha OTBEPCTHE MalaeT MOTOK NapanieibHO ABHAYLIUXCA SJICKTDOHOB,
FCKODEHHHX HanpaxeHdem okodo 100 g Touxa HAGMOICHHA GTCTOMT
OT OTBEPCTHS HAa paccToaHuM b ==93 cu. Paauyc ¢peHereBckol 30HH
n-TO HOPRIKAE C AOCTATOYHOH TOYHOCTBI BHIpaxaerca GopMynacH

r,==V nbx. (1.17)

IloacTaenas wunucna, noayuddM n==1660. 3r0oT pesyaeTaT NOKa3bIBAcCT,
9TQ B ONHCAHHOM OIIHTE, yC/JOBUS KOTOPOIrOo COOTRETCTBYIOT HPOXOXKAE-
HAID MELNEHHHY SJEKTPOHOB UEPE3 SACKTPOHHYIO JNHH3Y -— Auadparuy
(cm. § 5), audpakuua npakTHueckr nezamerHa. CXoanbld pe3yasTaT mo-
ayynaca Oul W A8 CPepHUECKHX 3IEKTPOHHBIX BOMH (pacxoasileroct
NOTOK2 3JEKTDOHOB).

Taknm oOpa3oM, 4acTo MOXKHO NOJAL30BATHCH TPEACTABJCHHAME 00
9JAEKTPOHHBX JAy49aX W HAXOOHTh KX TPACKTODHH METO1aMH TEOMETpPH-
yecko# oOnTHKH. PesyabTaTnl H3YUEHHs JABUIKEHHS 3apiKeHHHX vacTHO
METOERAMH TEOMETPHYECKON 3EKTPOHHOH ONTHKA NOJIKHE, KOHEYHO, COB-
naxatb ¢ PE3yAnTaTaMM, NONYUCHHBMH U3 3JEKTPCHHOU OGannuCTHKH,
aHANOTUYHO TOMY, UTO HMEeT MECTO B OOLIUHOH onTuxe., 10 MOKHO
NMOKa3aTb, CPAaBHUBAA 3JAKOHE MEXaudKH ¢ 34aKOHAMU, ONpPeIeadlolHMHA
TPaeKTOPHH CBETOBRIX Ayued,

OCROBHON 3dKOH MEXAHWKK AA 4YacTUll B MOTEHUHANLHOM CWIOBOM
101€ MOKHO 3alHCATb B OPME NUDPHHEKNA HAKMEHLINCTO AeHcTeudA, e~
CTBHEM B MEXAHUKE Ha3hiBaeTCA BEJAHUEHA

t
A— S 2Kt (1.18)
o

roe K — KuHeTuyeckas sHeprua dactuus. Mmes B BHay cpaBuenwe Tpa-
eKTOPHUH UYaCTHUL C TPAaeKTOPHEHR Jiyua, BeAHUMHE A CACAYET NPHAATh
BHOH Bud, nekmouus w3 (1,18) mpema. Tak kak .

2K =mv’, -
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TO

£
A= S muvvdt,
ty

ByzeMm nonowenne TOUKH ONPEAEAATL AAHHON ayrw Tpaextopuw s. Torna

vdt =ds,
a (1.18) npuver Bua
P
A= S mv ds. (1.19)
P

Hurerpan (1.19) Gepercs BROAb TPAGKTOPHUM OT TOMKE Py, Tie vacruna
HaXOAHNACh B MOMENT f;, DO TOYKHM P, Kyla oHa TNONalaeT B MOMEHT £,

[IpuHu#n HauMewblwero JelcTBHA YTBEDPAKIAET, YTO U3 BCEX TpPaeKk-
TOpUH, OPH ABMKCHHUH N0 KOTOPHIM 3HEPrus UacTHL OCTAeTCHd NOCTOAH-
HOH, A8 NEHCTBHTEALHOH TpaexTopun COOGMORAETCH YCAOBHE

3A =0, (1.20)

T. € Anst Hee neficTBHE HMEET 3KCTpeManbroe (O06HYHO MUHWMAALHOE)
grauenne. lloacraeaas A us (1.19) B (1.20), moayuuM AAs YacTHIIR
C HOCTOAHHOH Maccon m:

P P
6A—=23 vads = md S‘ads =0,
Py Po

HIIH

P
3 g 0 ds=—0. (1.21)
Py

$PopMy IEPOBKa 32KOH3 [BRMEHUA MATCPRANLHON TOUKA B MOTEHNMAALHOM
nose s suae (1.21) dBaserca nHauboace obweit. Ua Hee MOMHO Moay-
4UTh YPaBHEHHS ABHKEHHA B OOHUHOM (OpME H MEXaHWYECKHH 33KOH
COXPaHEeHUA 3SHepryui.

B kypce of6weil (U3uMKE NOKA3LIBAETCH, UTO OCHOBHHWE 33KOHH r€O-
METPUYECKOR ONTHKH — NPAMOAHHEHRHOE PacnpOCTPaHEHNe CBETa B OARO-
pojHOH Cpede, 3IKOHHM OTPAXKEHHR W NPEAOMALHUS CBEYa — MOryT OHTBb
NOJYyYEHH H3 OAHOTO OOWEro B8aKOH3, HOCALLErO Ha3BaHWE NPHHLMIA
depMa @ YTBEPKAAOUWLrO, YTO B ONTHYECKH HW30TPONHLIX CPEAAX ONTU-
yecKast MJIBHA NYTHd HAH, YTO TO Ke CaMOe, BPeMsi POXOXKIACHUN CBeTra
AAs MCTUHHOH TP2EKTOPHR Jyuya MMEET aKCTpeManbHoe snauenne [Jl A 1,
. AL ra 17; JL A 2, . Hl, ra. 22). Onrnuecko# AapHOR nyTd Hash-
BIETCA TNPOW3BEACHHE reQMEeTpHYecKON AAdHH! NYTH HA TOKazatesb npe-
JOMACHUA, TAK YIO ECAK NOCISIHMA MEHSETCH OT TOUKH K TOYKE, TO
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OUTHYECKAs AMHHA [TYTH Meway Toukam#t By u P pasna:
P

L— Snds. (1.22)
Pe

[Mpunnun PepMa, ¢AeA0BATEALHO, MOKHO 3JAMHUCATh TaK:
P

SL =5 PSnds —0. (1.23)
0

W3 cpaenenus (1.21) u (1.23) npaMo caeayer, 4Io eCAH B KaxAoH
TOYKE COo0aroaaeIcs ycnosue

n==bv, (1.94)

rae b — NpPOU3BOALHKE MNOCTOSHHLE KO3(MDOHUHEHT NPONOPUHOHANBHOCTH,
TO TPICKTOPHHU CBETOBOr0 Ay4a H HaCTHUN ONPEAENATCA OOHHM W
TEM HE YC.HOBHQM H, CAEJ0RATC/bHO, COEIdI1A10T. Takum 06p3301\{, Mul
NPUX0IMM K 3aKJAIOYEHHIO, YTO Ads MNPHMEHEHHA K ABHKEHHIO YaCTHLD
32KOHOB T[EOMETPHYECKON ONTUKKM CAedyeT npHOHCaTh KaxIol Ttouke
noxazatedb NEEJAOMAERHA, TIO BEIHYMHE NPONOPUHOHAALHLIHE CKODOCTH,
¥ TOrAd TPACKTOPHA, ONPeIeAcHHas METOLAMH FEOMEeTPUNeCKOR OUTHKMH,
A0MKHA COBNAAATb € TPaeKkTopHed, HaddeHHOH HA OCHOBAHUHM 33KOHGOB
sexanukn. O6a meTofa paBHONpaBHM, B BLIOHPaTh MEKAY HUMH CAEAYET,
ACXons 43 coobpaxeHHH G0age nerkore peuleHns NocTasieHHol 3aJaun,

Iaf 3nekTPOCTATHUECKOro NoJAs CKOPOCTh (POCTO BHIPIKIETCA uepes
notenuman. Ecnin B TouKe, noveHnuan KOTOPOH HNPHHUMAETCA 3d HYb
(06ulyHO Ha KaToje npudopa), CKOPOCTh pabHa

v,=1\ 2 _;; v, =V U,

TO B TOuUKE ¢ mnoTeHuualdom (/ cKopocTe OyaeT onpeleasarbCs H3 pa-
BEHCTBA

&

mﬂﬂ, . \ moﬂ“
5 =el/ 4 5 s

OTKYAa

9= ]/213[} 4 2qU/, =V2'r; l’! U+ U, = VQT"U* . (1.23)

U, MOXHO HaspaTb HaNPMKEHHEM BBUVIETA NCKTPOHOB U3 KaTOAa,

3a nokazaTean MOPENOMIEHHS MOXHG DPHHATH MIOGYI0 BEAMYWHY, TIPO-
NOPUNCHAJEHYI0 CKOPOCTH YAaCTHIB, TaK KaK [OPIKTHYECKOE 3HAYEHHe,
KaK H B OINTHKE, UMEET TONBKO OTHOWEHWE f0Kazatenel npeaomaeHus.
Ioztomy 3a 9ACKTPOHHOONTHUECKME MOKA3iTENb NPENOMAEHUA 3JEKTPO-
CTAaTHYECKOrQ MO YAOOHEE BCEro NPHHATL BEAHMUHY

n,= 1\ U®. (1.26)
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Ecau e, xak 310 OueHb vacto OmBaer, U, < U, 10 ¢ AocraToyHo#
TOUHO#THIO

e n,~V U, (1.27)

I. € 2JeKTPOHHOONTHYECKUH TNOKa3aTenb Npe/gOMAEHUT NPUOAMIUTENLHO
pPaBeH KBAJAPATHOMY KOPHIO M3 TNOTEHLHANA.

Hueorna ana 1oro, 4ro0hl B KayecTBe 3JIEKPOHHOONTHUECKOrO NMOKasa-
TeNs TMPeNOMJEeHHS nMeTh Oe3pasMepHYI BeauuuHy (Kak 4As noKasartens
NDEAOMACHNA B ONTHKE), OHPEASNAIOT €rc KaK

o
FIe ¢ — CKOpPOCTh cBera, JIErKo BHOETh, 4TO OTHOWIEHHE NOKasaTeachH

NMpEeaOMJIACHHA IBYX TOUEK I[10/4

ey 0y U¥ 7R
— === Az T
nE'S Uﬁ U;F Ug

B 000UX CAy4asX OJHHAKOBO,

Jaa H3YUYCHHR IBMKEHUA BaPANKEHHWX HacTHN B NPOCTPAHCTBEHHO HAAAralo-
HIMXCA SJCKTPHYECKOM H MAarHATHOM NOJAX (KOMﬁHHHp'DBaHHOC SAEKTpHUEeCHOE
U MarHuTHoe I]O.‘IE) TAKXE OHAZLBACICA DBOIMOXHLIM BOCROAbL3IOBATLLA CHOTHYE-
CKHMH MCTOEaMM, €CJH 33 IIOKAa3aTedb (IPEeIOMICHHA (OPUHATE BEAHNHUY

n, = ]/U-;-UK—]/-%A cos 1, (1.29)

rae .4—331{1'0[3-[10?9}![1}{3.1 MarddTHOr¢ 004, T. €. BeIHYHHQ, CNpPcAeIRcMan
COOTHGIIEHHAMU

rctA=H; divA=0

B Y-— Jroid NeXAY A W CKOPOCTBIO ¥acTunW B aavdoft touke, Popmyna (1.209)
MOKA3LBAET, YTO N, KPOME KOOPIAMHAT, 3aBHCHT €LIe OF HANPABALHHA ABMMKEHUA
YaCTHLK, TAK YTO OUTHUECKAM 3HAROIOM KOMOMHUPOBAHHOIO [0JA RBIASTCA
aHM30TpolHOe fteao, HaupeMmep kpuctaaa [J. 1. 15, ra, VIL. Popmyaa (1.29) we
6yleT B DagbHEHIIEM MCIOIB30BANA.

Haubonee wuurepecHnl Ans OpakTUKA Ccayyalh KOMOUHHPOBAHROTO
¥ WACTO MarHHTHOro nojeft ¢ ocesoil cummerpueii paccmotpeHn 8 § 6.

Beipaxenne (1.26) 6610 noayueHO W3 pPacCMOTPEHHS oOIero ciyuas
ABHUIKEHHA 3apMKEHHON YacTHUM B 2JEKTpHYeCKOM nojae ¢ JaobHM pac-
npegencHueM noreHnnana, PasGepem Ttenepn, 4acTHuib Cayya#l, uMenowiai
6aH3K0e CXOJCTRO C NPEJAOMJACHHEM CEETa HA4 IpaHuHle ABYX Cped.

Ilycts npOCTpPanCTBO ACAUTCA NAOCKOR WOBEPXHOCTLIO paszena Ha
ase wacTH ¢ norenmmanamu U; w U, (puc. 1) B 3AEKIpOH ABUKETCA
K NOBEPXHOCTH Pa3iena €O CKOpPOCTHI

= V27]Uf.
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Ha rpasHne CKOpoCTs MEHAETCA OT ¥ 20

'U.]..__" "/21'3[}:,
npuyeM CHaraioulas CKOpOCTH, Mapaaied]bHas NJAOCKOCTY pasiend, He me-
ngerca. M3 uveprexa Buano, yro

sine __ O Of _ Mo (1.30)

sind ~ 9, Ur = ng°

Mb TOJYMHAA SaKOH TPEAOMJEHHS 3JCKTPOHHHX Jayuet B oOnuHON
¢opme 3axona Crennmyca.

CraukoofpasHoe H3MEHEHHE NOTEHLMaAa Ha [OBEPXHOCTH pasznena
MOHO ¢ HEKOTODHIM NpPUGAHKEHHEM DPEann3osath Ha onmre, llpencrasum

t %
o 4
Us, r
"{\(CZ'J’-' Hﬁv U o>
N 'y
\\ \\

N -’Z.};— AN ﬁ

o
U 7R | %
-
A | 7
U< by &>,

Prc. 1. TlpeaoMaeHue SJeKTPOHHWX Xydedi y UJAOCKOH! MOBEepXHOCTH pazje.a.

cefe JBe MNAPANJEAbHHIE CETKH, CI/JACTEHHHE H3 TOHKHX MPOBOJIOK H Sa-
pakenane A0 notenunanos Uy w U, Ecan paccroanne Mexay cerxams
MaJo, TO OHW O HEKOTOPOR CTeneHy SKBHRANEHTHH TPO3PAUHOMY OAS 2JIEK-
TPOHOS ABORHOMY SAEKTPUUECKOMY C/I0H €O CKAYKOM noresuuana {/;—{/),
Takuy nyreM MOKHO OCYIECTBHTR HE TOJNLKO NJOCKYK, HO H cdepi-
YECKYI0 NPEJOMASIOULYI0 NOBEPXHOCTh W Jake Leayio JanHay (pHc. 2).
[lpakTuueckn ceryaThie B3ACKTPOHHHIE JWHBH, BNPOYEM, HE OPEACTABJSIOT
GOMBIIOFO HHTEPECa, TAK KAk B OTBEPCTASX AYEEK CeTKU CO031aI0TCH
HEOJHOPOAHOCTH TIQJR, PACCEHBAIUIHE SAEKTPOHE, H, KPOME TOr0, Yacrth
3/EKTPOHOB MOKET OCEAaTh Ha npyThax cerku, Ceryatas JMWH32, MOKHO
CKasath, MOAO0HA ONTHYECKOH JMH3E H3 MJOXO OTHOJIMPOBAHHOIQ M
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Manonpospaudoro creksa. [103ToMy CeTKHM TpPHMEHATCH 4YacTO TOMBKO B
2AEKTPOHHEX AaMnax, rae Ooapwiefi 4acTbio He HUMeeT GOJBLINOrQ 3Ha-

YeHHs, NO KAKOMY OYTH 2JeK-
L& TPOHH TIpHAYT K adody, a B

31eKTPOHHOONTHHECKHX MpH-
N Gopax B KaueCTee [IpPEIoM-
L. IRIOWMX  CDEA HCIOAB3YHOT
NEKTPHYECKHE M MArHHTHBIE
1045, HENPEPHBHO MEHAIOLIA-
ecsi Ha BCEM CBOEM MNpOTHKE-

o

P
L.'; s
\7‘2/:"/ G P
/

(S
Y

HUH.
\ W\ ;7 [Tycte 3nexkTpoH EX0aHT
N Y\ // B 0aHOpOANOE TOpMO3ALLEE
\ O ,: / SAEKTPHUYECKOE f0J€ Noa yr-

~ . K4 NOM 2 K CHJIOBHIM JIHHHAM

Uy (puc. 3). I[lposeseM B mnose

CHCTEMY O/H3KUX 3IKBHMNOTEH-

IMAJIBHBIX  nOCKOCTER [,

Pauc. 2. CeTounbie IHH3HL Uy, U, ... n 3amennm Bpe-

MCHHO WCTURHOE pacCnpeaene-

HHE TIOTEHUHANA CTYNCHYATHM, (104aras, 4TO Ha NEPBON NJAOCKOCTH NOTEH-
UMan Mengercs Ckaukom ot [/, a0 [/, 3aT€M OCTaeTCd NOCTOSHHLIM H

i
!
|
“IL" £ ot el
] 1
1 ' ]

Puc. 3. [loanoe BHYTpeHHee oTpaxenwe 3INEKTPOHHHI aydel
B OJTHOPOAHOM [OTE.

OndATh Ha BTOpO# 1ockocTtH Meuserca or Uy mo U; v 1. A [lo sakoHy
TPEAOMACHAA MOXHO HAIlHCaTh:
sin « Uy . sinpy U¥

sop ¥V UF Tsmg ¥V o TR
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Ecan 4UCA0 CKayKoB MOTERUHAJIA OYEHb BEJIAMKO, B NMPEaeie MH MNoAy-
y3eM HCTHHHOE {IBHXXEHME W 3JEKTPOH OmumweT napabo.ay; B BepuIMHE
uapaoan yron npenomaenns 3, ==90° u B 310H TOUKE

sin 3, .
= sin =
sin 3, Sﬂ_j ]/ ]

rne Up=U,+ U, u U,— notenunas 8 Bepuwnue napaSomm. [lepe-
MHOAHE BCE HAIMCAHHLIE PABEHCTRA, NOJNYUYAM M8 1060r0 4ACAa CKa4koR

sin ez sin B, sin 3,, . sm[?s,, L ' n_1 Ui
sinB, sinB; " sin &, _ TUE_, Ur_y
unu
U* {7
in? g == o A R
sin? g == O T {1.31)

rye [/, -—- MOTEHUAA/L TOUKH MOBOPOTA, 1OCAE KOTOPOH 3AEKTPOH ONH-
cuBaeT BTOPYIO BeTsb NapaloAN W BHXOAMT H3 [OJA NOA NpPEeXKHUM
YraoM K cunoseM  AuHasM. ®opuyay (1.31) MoxHO Ha3sath 3aKOHOM
0AHOFO BHYTPEHHErG OTPAMEHMA B OAHOPOAHOM BASKTPHYECKOM HOJE,

B caenywmmx naparpadax Hactoawe® raaspt METOIM 3ACKTPOHHOM
GanTUCTHKY H reoMEeTpUUECKOR 39JEeKTPOHHONW ONTHKH OYXYT DpPUMEHEH
OA9 peIIeHHs HEKOTOPHX MNPOCTHX H 8MECTE € TEM BAKHHX A8 TpaK-
THKH 3313N.

§ 2. JpuxeHne 3apskeHHLIX 9aCTHI B OXHOPOXHBIX HOJAX

1. O6mue ypasHemuna. Ha 3apax ¢, HaXoaswu#cs 8 NpPOCTPaHCTRE,
1€ CYyUIECTBYIOT SAEKTPHYECKOE H MArHUTHOE N0Ad, AEHCTBYET CHaa

=qE+ilv-H1 (2.1)

ree E(E,, E,, E;)— Hanpﬂmermoc:rb 3EKTPHYECKOTD 104, H(H,, H,,
)—HaﬂpH:I\EHHOCTh MarHUTHOrO TOR W v (X, ¥, 2)—-CKOPOCTI:. Ypaﬂ-
Hedve (2,1) HamuCaHo B rayccoeBol cuctéMe enuHuIL
HamuuieM ypagHeHHs A8HXeHHs OA8 SJeKTPOHA B MPAMOYTOAbHBIX
KOOpAuHaTaX, npeHelperans peasTHBACTCKON nonpasko#t K macce, Iloaaras

g = — g, i:-f—zn*), 6ynemM aMeTs:
My m

.- I ' » i
= | Eap o (OH, — )

r 1 .- T
y=—n Ey+ -(zﬁx—XHz) ' (2.2)

2=—-'ﬂ Et o L (xH, — — YH)|.

s

7) B guauuellieM Macca MeIJIERHOro 9MeKTPOHA, PABHAA NPAKTH'NECKA Macce
Ookun, Oynet aOosHavarbca uepe3 m,
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. Ilycts oaHopoanwe nona £ n f Hanpasiedw Apyr ¥ ApPYrYy oA
HEKOTOPHIM yraom, BooSule He paBeEM npsmomy. Hanpasum o¢ws 2 napan-
AeasHe H, a HappaeaeHMe OCTalbHHX OceH BmlepeM Tak, 4Tobn £ Ona0

NapaineibHO TAOCKOCTH X2
&7 (puc. 4). Torna

Hx=Hy=Ey=0; H,=H,

£ b H ypaBHeuuws (2.2) NpHMYT
BHA
X= —1£, — oy,
y=uowx, (2.3)
2= 1E,,
4
ruae
Puc. 4, o :T&'[ci ' ,(2.4)

Wuterpapys (2.3) ooud pas # 0003Hau#B NOCTOAHHWE HHIEr PUPOBaHUsA
aepes A, B, C, noayuyum:

x=—mnE L — wy + A,
y=wx-- B, (2.5)
z=—Et+C.

C nomowpio sTOpOre U3 ypasHenn# (2.5) HCKAKOUAM y U3 1epBOT O
-ypasnesus (2.3). [Hoayuux:

o (x-:- =4 B ) 2.6)
BeeaeM HOBoe mepeMeHHOe:

E-"*x—|—TEx —f—; E=ux; fE=xx.

Ypasuenue (2,6) npumer sua
£ o%=0. @n

D10 ypasHEHWE NPOCTOTO TapMOHHYECKOro Kone(aHus, W ero peileHne
HMEET BHI

== Rsin ot +¢); &= Ro cos (w4 g¢),

rae R v @ — HOBHE MOCTOAHMKWE MHTErpupoBanus. Bosspawasce k nepe-
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MEHHBIM X, V¥, 2, u3 ypagnennil (2.3) nonayunm;

et
%, y A '
y=—TFr g A __Reosf-to)m=y,4-n p  (28)
—— e p ot D=2z,
rie
x1=——1-;%———§, X3 == R sin (wf 1 ),
E A .
m=——"t4 2, yy=-—Rcos(et49) ¢ (29
z,=_"'522‘“+c:+9, 2, =0.

Illects noctosuunix uuterpuposanus A, B, C, D, R, ¢ moxHo
ONPEAEANTh U3 HAUAJLHBIX YCAOBHH (TPH HAY2JAbHEIE KOOPIAAHATHL M Tpu
CaralopuX HauaasbHOH CKOPOCTH).

NBuKeHUe, ONACHIBAEMOE VDaBHEHUAMH (2.8), MOXHO paccMaTpUBaTh
Kak CyMMy asyX asuxeHufl. [lepsoe #3 HRX -— asmxKeuue no napalose,

hE B
nexaleft B MIOCKOCTH X =—=X;=— — <% — -— ¥ ONPEeNEAIEMOR yDPaB-
HEHNEM
_ Exe® o | [ EA w( E_A?
= z.qE}y _I_( .,‘E'i - +E,. y—l_ — que —l_ —I—D (2.10)

Bropoe — paBHOMEPHOE ABUKEHHE [0 Kpyry paadyca R B njo-
CKOCTH, NEepPNeRAAKYJAPHOH K OCH 2, T. €& K MarHHTHOMY noaio {puc, 4).

Uccaenyemoe nsukenue, 1akuM 006pasoM, npeicTanaser coGolt pasuo-
MEPHOE ABHAEHME [0 KPYyTy, MIOCKOCTH KOTOPOro BCE BPEMf OCTaeTcs
NePHEHOUKYASPHOH K MAarddTHOMY MO0, @ UEHTD MNEpPeMeilaercs no
napabose (2.10). 3o cnupaas cAOKHOH (OpPMEL

Kpyrosaa yacrota

H e H
O=R =, (2.11)

HA3bIBAEMAd YACTO HHKJIOTPOHHOH 4acTOTO#H, KAk BHAHO, ONpeAeaseTcH
HCKJIIOYHTENRHO BEIWYHBAMHM v 4 F.

2. JBuxenHe B OXHOPOIHOM MATHHTHOM fnone. PaccMorpum
TENEPh NPOCThIE YaCTHHE ciayuad. IIycTh 3AEKTPUYECKOTO NOJAS HET.
Toraa ypaeueHus (2.9) csoaarcs K

Xy = — %:const, x3== R sin (wf + ),
= -g ==const, y,—— R cos (wf + ?)3 (2-12)
2= Ct+D, 2y =0,
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LiesTp Kpyra nepeMeiliaercs PaBHOMEPHO N0 NpPAMOM, napaaneabHoOfl f1,
a TPAaeKTOpMA OOpAlLZETCH B BUHTOBYIO JMHMIO, JEKAWYIO Ha KPYr1oM
QWIMHADE, OCh KOTOPOro napainesbHa nonlo. Ecau Xy, ¥, 2, — caaraio-
WHE Ha4aAbHOH CKODOCTH, TO 43 ypasHeHuH (2.12) nerko noay4uTs:

C=i; R=—VELR="57VEHE @13

lar cnupasm, paBHHA NyTH, NPOXOJZUMOMY B HANPaBIEHAR MarRUI-
HOTC TN0Jg 32 03HH ee OOOPOT, paBeH

L=2,T = 32 -°-- (2.14)

e
Ilpu yeeamwenunu H, Kak nokassiBawor dopuu (2.13) u (2.14),

YMEHLIIATCA paauyc ¢nupaad R a mar ee L (puc. d, @). Tpaextopus
3JEKTPOHOB BCE TECHEE <NPUKHMMAECTCA» K CHIOBHIM JIHHHAM, NPUYCM

). 0.9.0.0.0¢
VUUUUU

— B —
H<l <,
a) .0

Puc. 5. Bull rpaexTOpHit B MATMATHHX 104X,

@ — B OXHOPOAWLIX 00X DA3AAYHON HANDREEHHOLTH; 6 — H CHABHOM HECNEDPOIHOM TONE,

AUHEHHBEIE CKODOCTH BACKTPOHOB HE MEHAOTCA, TAaK Kak KHHETHYeCcKad
SHCPTUA SJNEKTPOHA B TNMOCTOAHHOM MarHWTHOM MOJAE COXPaHAET CBOIO
BENHYHHY.,

B cayyae HEOABOPOAHOTO MarHWTHOIO NOAR MOMKHO PacCyXAATH TaK:
3aMCHHM HCTHHHOE [OJE NOCASAOBATEABHO PECHOJOKEHHEIMH OIHOPOA-
HeIMH noasmu A, H,, H,; ... (puc. 9, 6). Ha cunosoft nsunum, rae
B HaYasne ABMKEHUA B TOYKE A HaXOIHUTCR INEKIPOH, f10AYYATCS YYACTKH
AB, BC, CD, ..., npuuem B npeieaax Xaxaoro yuacTka Ioae He
MeHseTCa. Ecan CKOPOCTb SASKTPOHOB HEREJMKA, a NOJE CHALHOE, TO NO
NOKA3aHHOMY TPAEKTOPHS BAEKTPOHZ Ha ydacTke AR OyneT npeictaBssTb
co00H cuupaab, TeCHO HasUTyo Ha orpesok AB. Xox 3Toif cnupa.au
ONPEAEAHT CJAraloLye HayafbHOR CKOPOCTH B Touke 5 ¢ Ha ywactke BC

/

i
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OyayT Apyriie L n R, uo TpaekTopMa no-upexHemMy OyaeT TECHO mpH-
aeratb K JanHuu BC. To xe Oyner BepHo aiad yuactka CD n 1. L
Vvensuiad gaunu AB, BC, ... , 8 npeaeiax KOTOPHIX INOJAE MNPHHHMa-
JOCh 33 OIHOPOAHOE, Mbl B MpEfeie NOJAYUAM HEOIHODOIHOE TOJeE,
B KOTOPOM JABWAKETCH 327eKTpPOH. OUEBKWAHO, TPAEKTOPHE 3JAEKTPOHOB
Gyder NPeICTanisTs co6o# CNHPaAb € NePeMEHHLIME PAANYCOM ¥ LHAroM,
conpoBOKAaOWY0 cnroByo AnHaw *). Takum 00pasoM, MELISHHHE 3.ae-
KTPOHH B CHJbHMX MATFHTHRIX 001X 00pasyoT NOTOKH, MO Hampasae-
HHIO COBMAHAOWME € CHAOBMMH JHHASMH M0J9, ITHM CHOCOOOM MOXHO
¥rPaBASTL ABHKEHHEM SAEKTPOHOB W NPOTHBOACHCTBOBATH DACUIHPEHHIO
TOHKHX 3AEKTPOHHBIX MYUYKOB, BOSHUKAWIEMY BCACICTBHE INCKTPOCTATH-
YeCKOro OTTANKRKBAHWA 3/EKTPOHOB.

AAeKTPOHL, BHXOAAMHE U3 OAHOW TOYKM NOI DPA3HNMA  YFPIaMH
K MarHMTHOMY MOjA0 W € pPa3HRMU CKOpPOCTAMM, OYIYT ONHCHBATH
CRMPAAbHHE TPAEKTOPHH, TYUOK KOTOPHX JAAd  C€ayuad OJHHAKOBHLIX

B sinrs o

Puc. 6. [Tyuok sxekTpoHHmX Ayvyelt, BHXOAAWME U3 ofued Toukn O
B MarHuTHOM T0OJE,

CkopocTel ¥3006pakkeH Ha pAc. 6, NMpuueM LW/IMHAPHUYECKUE TOBEPXHOCTH,
Ha KOTOPHX JexaT Tpaekropud, OyayT umers o0myio oOpasyiowmyio,
NPOXOAAILYI0 MO HANPABACHHIO MOJAS 4E€PEe3 TOUKY — HCTOUHUK 3JEKTPO-
HOB. l3 3aKoHOB 3aeKTpoaMHAMUKH CAedyeT, HTO €eCAH CMOTPeTL o
HalIDABJGHAID MarHKTHOrO 11048, TO BpAWICHUWE SACKTPOHOB OYIET 1PO-
MUCXOAHTh MO HANPABACHUWIO YACOBOH CTPEAKH, 4 MOJIONHTENbHBIX UOHOB —
npotus Hee. IIycte Touka O newur B (OYEeHbL MaAOM) OTBEPCTHA AUa-
¢parMul - D, Ha KOTOPYW 1OAAHO Hanpaxenne {/,, (OJOKUTEIbHOE OTHO-
cuteapko KatoaAa K. Caaraiowas ckopocrtu 1o ocH 2 (puc. 7, a) paBHa

Zg=17, cos 0

X244 =2 — 22— 92(1 — cos? 0y =v? sin?0,

o *) Mpennosaraerca, uTo nO4e CHALHOE M PaAMyC KPHBH3HM JHHHH f0AAa HE
YeHub Maa,
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CreposatensHo,

R__. 7 U smﬁ_.ﬂ ¢ ]/QT;U,, sinf—¢ ]/_—f- V;"‘ sin 6, (2.15)
|

L—Q-:—Hu“ cos = 2=xc¢ V—- 2 cos b, (2.16)

rac

U =) /.

Jlag 3AEKTPOHOB, BHXOAAUHX n3 TouKd O nmoa HeOOoabltHM YI/OM K Mar-
HHTHOMY MO, MOXKHO HANACATh:

R_CV2 [/U

e one 2V Us &
L==72x¢ =" H ).

(2.17)

DTH AEKTPOHH, TAKHM 00pa3oM, MmOCAe NPOXDXKACHUA ONHOro 000poTa

Coupand KawislH pas cxozarces B Toukax (O, 07, ..., aewawmx Ha
7
Iy -L)-
AT
2 MR B St 4T T
+
FY N
. —_—
_._51 ______G.!r—-—_—é_{i _____ 0"’?;----
6 ﬁ — e i B o ——— - B —— = —— W o e e m—
) 02 02!' 0217 0}"7
----—t-—i———--’— ————— $ ol e ———
1 03 03 03”,
- +

Puc. 7. O6pa3oBaHne SMeKTPOHHWI H306pakeHUH B MAKH-
HO# MardWHTHOH ARH3C.

paccrosnusX L ApDYr OT JApPyra — MOXKHO CKa32Th, YTQO 3JCKTPOHH
(POKYCHPYIOTCA B 3THX TOUKAX, KOTOPHIE MOXHO HA3BATH 3MAEKTPOHHBLIMH
naoGpaxenuamu Toykn O. Ecid HCTOYHUK 3TE€KTPOHOBR COCTOUT M3 HC-

*) B dopmyaax (2.16) — (2.[8) {/; — nanpaReHue ODIHOCHTEIBHO KaTo/a,
NPHYEM NPeNlONaraercs, 4YT0 CKOPOCTh BH.JeTa 31eKTPOHOB H3 KaTofla Mala.
310 YCIOBHE XODOHIO BRMOAHACTCA AJIA BCEX BHACH YACKTPOHHOH SMUCCHH. ITHM
ynpeulensem Mul 6yZeM 9aCTo NMOJb30B3ThCA.
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CKOJABKAX TOUEYHBIX MCTOUHWKCB, KaK Ha puc, 7, 6, 1o
OlOE=O;Oé=O;O;: P4 g

T. €. nonepeuynnle pasMepn u306paxenus pabHH [ONEPEYHARM PasMEpaM
PCTOUHHKAE, ITO BEPHO, KOHEYHO, M A% LeAOH TOBEPXHOCTH, IMHTTU-
pyioleRd 3AEKTPOHH. HMHnMY caoBamu, OAHODPOAHOE MarHHTHOE NOJe AaeT
MHOTOKpPAaTHOE TPAMOE 3JEKTPOHHOE M300DaKEHRE € YBE/JIHUCHHEM, PABHAIM
elMHRUE, B 3TOH CBA3H OJHOPOAHMOEC MATHHTHOE 10.J€ HIZKWBAT AMUHHOH
MATHHUTHOR AuH3ON,

Ecan 3aeKTpPOH BRETICT B MArHHTHOE 00AE€ MEPNEHAHKYISIPDHO K ero
CHJIOBHM JAHHEAM, TpoGCKAB NPEABAPHTEABHO YCKODRIQUIEE HANDAKEHAE Ua,
TO )

5= Co=0; 82 2 —r2 =2yl

SnexTpod GyneT ONMCHBATL KPYT pamHyca

Vo __ % __ € arog_ ¢ U,
R=-0 = p=1p ]/21](}“_-7?]/_ : (2.18)

w

C TOCTOARHOH NO BEeAHYUHE CKODPOCThIO
v="0= - HR = — HR. (2.19)

M3 (2.19) enaHo, 4TO TPaeKTopuH O0AbmOH KPHUBH3HE MOMYyYAKTCH
IAs 3NEKTPOHOB B ropasmno 0osee cAabHX nmoasX, yeM A8 NPOTOHOB H
OPYrux TsHKEARX YaCTHLL

3. [lpvenHe B OXHOPOALHOM 3SJeKTpuueckoM noae. Hanpasum
ock x MO Hanparaenuw E v noaoxuMm, uto H=10. Torna

E,=E,=0;, H,=H,=H,=0,

K ypasncHHa (2.5) npumyT BHA
y=2., (2.20)

Harerpapya (2.20) u 0603HaYAB HOBHE NOCTOSHHHE HHIErPHPOBAKHS
K, L, M, nonyywum:

Tt
x=-—'TE-[—Af—I—K',
y=Bf|1L,
z=Ct+ M.

BuGepem sa niockocTh xy MAOCKOCTH, NPOXONSNIVIO UEPE3 HAUANLHYI

CKOpPOCT: W napaatencHylo £ (puc. 8). IlyCTs B HayaAbHBIA MOMEHT
x_—:_y:-_z..—:ll TOI"II&

C=K=L=M=0, A=3x%,; B=171,
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Tpaektopued 6yner naockas KkpHuBas, AeKallas B AAOCKOCIH XY, M
ypaBHEHHsS ABH¥EHUH OyayT:

x=— I P i,

(2.21)
Y=y
Uckaioyas £, monyuuM ypaBHEHHE TPIEKTOPHA
—_"E a4 &
310 napabona, o6GpamenHas (L1 JIEKTPOHOB) BOTHYTOCTHIO K OCH Y,
hz. €
Uy

i
0 Um Y iﬂ-’

Puc. 8. TpaekTopus 3apAeHHON YacTUUH B OIHOPOIHOM
3JIeKTPHYECKOM FoJe.

KoopauHaTtse ee BepuIMHK

- - -f'oj’o . _ I ! v
.v_ym_ ‘qE ’ x_xm Q'i]E xo’

4 TOYKa, rpe napaosa mnepeceKkaeT ock ¥ (<AaIbHOCTb NOAETa»), onpe-
AEARETCA N3 paReHCTRA
_ __ o Xoo
Y=2y, =2 T
WIH TaK Kak
.x.:g:-"ﬂo sin B; _]'Jﬁz"{ln cos 0; 'FJE:?'I]UG,

TO
¥— 4 sin 8 cos 642 — 2 sin (20) Yo, (2.23)
4, JipfijkeHue BO B3AHMHONEpNEeRARKYAAPHMX mnoaax £ u M.

Ecau H wuanpasnedo mno ocu z v E no ock x, 10 B ypasueunsx (2.8)
MOXHO Tonokuth E,=—0, E,=—F, 4 OHM NPHHAMAIOT BHI

x:--;——ﬁ—-l-R““ (of -} o),

T,

y=—-"L¢4 2 R cos (ot} ¢)
2=Ct-D.

(2.24)
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[Ilycte OBHKEHHE HAYKHAGTCA #3 KAUAAA KOOPAHMHAT W HAYaNbLHas
CKOPOCTh  JIEXHT B MAOCKOCTH Xy, T. € npH =0 x—=y=—2=0,
3==2,=0. Ilpy TakMX HAYaNBHHX YCJAOBHAX [BHKCHHE NPOUCXORAT
B IUIOCKOCTH Xy, TaK KAK B 3TOH NJAOCKOCTA JeKaT KaK HauyajJbHas
CKOpPOCTh, TaK H CANA. ITO BHAHGC, KOHEYHO, H W3 TPEThEro YpaBHe-
nua (2.24). Hicnonesya navaapabie ycnoesus 3 (2.24), aerko HaHTIR, 4rO

A=Xxy B=yyg Rcosq::%’—; Rsincp__v“—]— - (2.29)

rae X Ve — Cnaraoume ckopoctn npan £==0. [Ipeobpazya B (2.24)
Rsin(of -}-¢) v Rcos{wf+ ) no ¢opuysam cuuyca u KOCHHYCa
CyMMbl YTJOB H ucnoansys (2.25), naimem:

'J’;f__|_ i (cos of — 1)+ 2 sin wt,

A

(2.26)
y= = x" l—cosmt)—[—{y‘}—{— 3 Smmt
Opostauan — 1.E 4epe3 a, OKOHUATEMBHO AOAYYHM:
w5 — 21— cos oty 2 sin ut,
. - . (2.27)
y:—;—t—{—-—mi( coswf)—[—(———-—-—1s|n(ot

TpaekTOpWH, COOTBETCTBYWIUHE YypasaeuuaMm (2.27), HOCAT Ha3BaHHe
TpoxouL. B 32BHCAMOCTH OT BEAHUHHK M HAaNpaBASHUS HayaAbHOK CKoO-
POCTH IOAYYAROTCA TPOXOMNW ABYX Ttunos (puc. 9, @ ¥ 8). Tpoxoumans-
HOE JBHWKEHAE 3NEKTPOHOB HCHOAL3YETCA RG MHOCAX npubopax.
YacThull cayuall Xo==J3=0 6an3K0 COOTBETCTRYET YaCTO BCTpE-
YAaILAMCA HA NPAKTUKE YCTPOHCTBAaM, B KOTOPHX KATO4, IMHTTHDPYOWMHH
AEKTPOHH ¢ HEOOALUIOH HAUAJBHON CKOPOCThIO, BHECEH B noJae, B stom

cayqae (puc. 9, 0)
X = f;_— (1 — co8 wf)=7p (1 — cos wf),

. _ (2.28)
y=-5 (of — sin wf) =p (of — sin of).
3710 YpaBHCHUA WHKAOUAN, 0GPA3OBAHHON KPYroM pajuyca
p= - — r,;% (2.29)
KaTAUWAMCA DO OCH J CO CKOPOCTHIO
=2 =0 f,- (2.30)
Ecan EB gfc n H B 3pcm, 10 p =56 H’ [cxl; v=— 10“ [ca

Hanpasaerye mpuXenns no ocu y nps 3agadHHbx Haupaa.neuuax Eu H
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HE 33BACHT OT 3HAKa Y4ACTHUH, TaK Kak ecan B vouke O (puc. 10)
NOABAAIOTCA 6€3 HayaabHO# CKOPOCTH JIEKTPOHH B NOTOKUTEALHBIE HOHE,
TOo noa JAcActeueM noxas £ oOHW OyayT ABAraTecst or rodxu O B npo-

aj

va—d)

£4 \M/v 0)
e Lg'
- s - 2)

ef
H

Puc, 9. TpaekTopr#, BO3MONHLE BO B3aMMHO-NEPOEHAHKYIADHWYX
9JEKTPHYECKOM ¥ MATHHTHOM MOJAX PH PA3HHX HAYANbHHX CKO-
pocTax.

0 >
¥

H Oy

Puc. 10. LIukaounaasnsie TpackTOpHM WOHOB (@) # 33exTponos (6) so
B3aHMHO-TIEPNEALHKYAAPHHX MArHUTHOM ¥ SJCKTPHYECKOM NOJAXK,

TABONOJOXKHHE CTOPOHK © MarHHTHHM noxeM /  GyayT OTKJOHEHH
B ONHY A Ty ke cropony. Ho pamuyc Kpyra o0paTHO nporopHuoHaneH
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}-',[[E.'leOMY 3apaay # A48 HOHOB BHCOT2 APDKY UHKJAQGHIAH 2p H €€ hnnHa,

T. @ PACCTOAHME MEN1Yy ABYMA [OCJIEI0BATEARHHMH BO3BPAUICHHAMHA
et | E
= ATD == LT —
Kk ocn d=12mnp==2 -
OcoOGbii pHTEpEC npeacTaraser cayvail, korga x,—0, a y, umeer
TaKy10 BEAWYHHY U HANPABACHHE, 4TO CHJAA, ACHCTBYIOWAst HAa IACKTPOH,
OKa3HBAETCH PABHOH Hymw. Dvo Oyjer Toraa, Korga

, rop43nc Ooasmie, 4YeM AAa 3SEKTPOHOB.

eE—efy b wmn vy= o=t 1. (2.31)

OTHocHTeAbHME HampasaeHus E, F, ¥ W canpl, aefCTBYOIINE HZ 37EK-
TpoH, MU 3TOr0 Cayuas TOKasaHW Ha puc. 9, 2 DAeKTPOH, OUEBHUHO,
Gyaer ABUraTCA MPAMOJnHEHHO, IJTOT BUA [ABHKEHHA B CKPEIEHHHX
noagx £ ¥ A wncnonpayercs AJs BHIASACHHS IEKTPOHOB W WOHOB Olpe-

ICNEHHO® CKOpPOCTH.

§ 3. Otknonense ¥ POKYCHPOBKA 3APAKEHHBIX HACTHU
B OAHOPOABBIX ¥ NAOCKHX 0ONAX

1. Hocranoseka 3amaus. B 37ekTpPoOBaKyyMHHX npubopax 4acTo
MPUXOAHTCA NPHUMEHATh SACKTPHYSCKHE HAM MArHATHHE NOAS 118 OTKAO-
HEHUA 3SAPAKEHHHX YACTHR OT nPAMoJuHeiHoro nyvth, Yame scero apu
3TOM OTKJAOHACMBE YACTHUR OO6pasyioT ToHxkdll M aawndsld nyuox. Ha
A3HKE 3JAEKTPOMHOH ONTHKW B STOM CAy4ae CAEAYeT rosBOpUTs 06 OTKJO-
HEHHK 3SJEKTPOHHMX M ACHHHX JAyucH, a OTKIOHAKMIECE 10AE HA3HIBATH
INCKTPOHHOH NPHIMOH,

OGH4YHO B KayeCTBE OTKAGHAOIIETD [0/ HCNOABIYIOT NMOJNE MEXKAY
MAACTUHKAME IIOCKOrQ KOHIEHCATOPa MMM MAOCKAMR TOJGCHBIMH  Ha-
Koneun¥Kamu MarwuTa, CeTka CuMAOBWX AHHME W SKBHNOTEHRMAnEH
B CEUEHHR, N2PAMEALHOM CHJIOBHWM JIHHHAM K JOCTATOUHO YIaJeHHOM
OT KpaeB B HANDABACHUH 2, MEPNCHAMKYJAAPHOM K CeyeHuw, usobpaxena
(Ana cayyas 3JEKTPHUECKOFO moan) Ha puc. 11, a. KapiuHa cCHAO0BBIX
AAHHR MArHHTHOTO YONAA MEWAY MMOCKUMH [OMOCHBIMH HAKOHCUHUKAMH
AMEET CXOAHBH BUI

Ecau maacramn AmMeloT B Hanpassaennn 2z (puc. 11, 6) oueno GoAb-
LYW NPOTAKEHHOCTb (NPaKTHYECKH OOABIRYIC CPABHUTEIBHO C PaccTOg-
HHEM MEKIY HHMH), TO KapTHHa, uso0paxeHHas Ha puc. 11, momTOpuTCA
B 060N NMAOCKOCTH, mepnesankymspHo#t K 2z, [lorenuuan 3aBHCHT TOABKO
OT KOOpA¥HAT X M Y © He 33BHCHT OT KoopauHaTw 2. Taxkoe noae
HA3HBAETCA ABYXMCPHHM HIN MIOCKAM.

B HameM cayyae AByXMepHOE NOJE COCTOMT H3 OGAACTH OIAHOPOAHOTO
ROAA MEXNY IMJacTHHAaMH BIAIA OT WX Kpaee W u3 obaacTd noss pac-
cesHns BOAM3H KPaeB 01acTUH M BHe uX, [ByxmepsnM OyaeT Takxe mnose
HAJIMHAPHYECKOrQ KOHACHCATOPd, JAWHHOrG Tpuoaa € IJAOCKAMH  HAM
DUAHHADUYMECKHMHE 3JEKTPOAMH ¥ T. A.

Ha npaktiake MpMXOAMTCH BCTPEYATHCA €O CAYHAAMH, KOTA2 TPAEKTO-
PUM 32PAKCHHNX YaCTUIl LEANKOM JEXKAT B 00.13CTY OIHOPOAHOrO MoJq,
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HATIPUMED B HEKOTOPLIX THNax macc-cnekrpomerpos, Ho ropasao uaule
BCTPEYAIOTCH  CAY4an, KOraa 3apAKEHHLIE YaCcTUULI MPOXOAAT CKBO3b
OTKJAQHAOILME TOxsA, nepecekast ¥ o6aacTy noded paccesuus W 06/13CTh
OAHOPOAHOIO noas. TpaeKTOpHM 4ACTHI KaK B NEPBOM, TaK W BO BTOPOM

'

[ I+
iRy

] suINSvRE gy

-

13

)

<

6)
Puc. 11, 21eKTpHUECKOE MOJe NMapadicIbNLIX (11aC THH.

A — CII0BLIE H SHEBUMOTCHUHANBNLIE JHHHIEY B NAQRCKOCTH X = ('Unst;
4 — BLI0OP HANPABICHIS KOOPXHNATHLIX OCef.

CAYMAAX MOryt COMHKATLCA H PACXOAUTHCH, WHBIMH CJAOBAMI, OTKAOHEHUE
MOKET CONPOBOKAATHCA (HOKYCHPOBKOH niu AedOKYCHPOBKOH 3J€KTpPOH-
HLIX M MOHUEBX ayuelt, Hameil 3apadeft aBARETCR uByuYCHHE 3TUX ABJICHIA
Hd NPUMEpPax, UMEIILNX fpakTHUeCKulh uurepec.

2. POKYCHPOBKA Jayueil, HEAUKOM JeKaumux B OJHOPOAHOM Mar-
HUTHOM mnoJje. [lycts w3 voukn O (puc. 12) BHXOAHT B IVIOCKOCTH XY
seepoolpa3upil nyuok arextpouos. Ilpottust uepes anadparmy [), orpa-

HAYMBIOULYIO HIADHHY 1YYKa 1HeCOAbUINM YFAOM DACXOKACHHS 22, 31eK-

o~ o
TPOHHLIE AyYH H3ruGAlOTCA CJAera HanpdBo 1o Kpyry painyca RZ_T"H
i
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MATHATHBIM NOAEM, MepPNEeHAMKYAFDHEM K naockocrd ueptexa. Cpeanmh
ayq nNyuyka ¢, selweawdit w3 O no nanpasaexmo Ox, onucas nody-
OKpY®HOCTb, TonajaeT na aunwio Oy B Touky A. W3 puc. 12 suawxo,
gro Ayud @ # b, Bemeamwe u3 Touku O HOI YriaaMp o CHMMETpHUHO
ornocuteasyo Ox, nonajlawT & TOuky B, aexauwyio ¢aesa or A. Jlerko
1z

Puc. 12. $oxycHpoBxa sneKTPOHOS NPA OTKIOHEHHH Ha [80°
8 OJHOPOIHOM MarHHTHOM HOJe,

y6eaudtbca, 4TO Ha 0Tpe3ok AB nonafamT BCe 3JEKTHOHW, BaXORAWME
U3 Touku O 8 mnpepenax yraa 2e, OTMEYEHHOTO HAa PHCYHKE, T. €. Ha
oTpeske AR UpPOUCXOAMT KOHNEHTpPAUHUA SJIEKTPOHOB MJAH, YTO TO Ke
caMoe, (pOKYCHPOBKA 3INEKTPOHHHX Jyuel, O1Hako oKycHpoBka 6yaer
HECOBEPIIEHHA, TAK Kak AyuYd, BHINEAIINE H3 TOUeyHoro ucrounnka O,
pacnpeacasiorcs Ha orpeske A8 H n3aobpamenue Toukn (J NoayyaetTcs
pasMutToe. Mepoh KauecTBa (POKYCHPOBKH MOMET CAYAKHUTH JiHHA OT-
peska AB. llposeaem us touxkm O pmamerpm OM u ON, Ha Kotopee
ONMHPAIOTCH KPYrOBHE TPAEKTOpUM Jyued b u a. IlepneHaukynsp, ony-
weHnnil w3 toukw M ua Oy, nonamer B TOUKY A, Tak Kak BepllHHa
npamoro yraa OBM, onupaoweroca Ha AMAMETP, JASKHT HA OKPYHKHOCTH,
B 1y ke TouKy B nomarer W NEpneHANKY dp, ONyWEHHHH 3 TOukd N
Ha Qy. Ha pucynke OM=2R, OB=2R-— AB wu, creiorarensHo,

AB=2R(1 — cos a) = 4R sin*% (3.1)

HAK, €CAH /£ & Man
AB =z Ra?,

Hanpnmep, nin R=5 cu# n a=0,05 (okoro 3°) uoayuurcs
AB=0,120 44, Tak YTO pazMMTUE U30GpAKEHUN HEBEAHKO.

Ecnu ke HCTOUHHKOM 3JEKTPOHOB CJAYHKHT Y3Kan M0J0CKa, [epneu-
AHKYASIPHAS K 4epTeAy (MCHyCKawDias 3JeKTPOHH DACKajenwas IpoBo-
710Ka wan TPYOOYKE € pPaAROaKTUBHBIM MPEMapATOM}, ¥ Aua(pparMa dMeer

2 B. 4. Panosos, 9. I
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GOpMY Y3KOH MEAH, NIPAAAENLHOR 3IMATTHPYIOLERA nNOJNOCKe, TO <H30-
Gpaxenune» Oyger UMETbL BUA CAETrKa PasvuTod MN0/0CKH.

3. doxycuporka ayudefl, eJHKOM AeWAWHX B OAHOPOAHOM 3ACKTHHWE-
CHOM NoJe. B OaHOPORHOM 31eKTPUMECKOM 11071€, TaK e KAK H & MAIHUTHOM 110Je,
MOXHO TNONYYNTL GOKYCHPoBKY. [lyctes B touke (), aexamel & uoze nacCKoOro
koHfencatoft (puc. 13}, HAXOOUTCH MCTOUHHMK NOTOKA 3IIEKTPOHOB OARHAKOBOFH
copoeTd. [nadparna ) BepezaeT yacTs AOTOKE, CPEIAUM aAyUOM KOTUpOH

1 e I

L l+

Puc, 13, PoKYCHPOBKA 3AEKTPOHOB {IPH  COTKIQHEHHH
B OfIHOPOJHOM IIECKTPHYCCKOM TOJE.

ABAAETCA JAYY, HAKIOHERRWH ROX yraom 43° K WOTK0. JTOT AYY MMeetr Hanboab-
W0VI0 «XaAbHOCTL mnoaera» (oM. gopmyay (2.23)), 7 3HAUWT, JYUH, BhIXOJAUIHE
K3 OTBEPCTMA IHaparMuyl NOR $TIAMH, MeHbUIMMH W OoanmuMmu 45°, nonaays
na asHAl0 JA 0O OAHY H TY We CTOPOHY OT TOUKM A B NpeReiax Hedoabioro
oTpe3ka AB. 310T cnocol (GoKyCUPOBKY He NOTYYHI NPUMEHEHHA BBHAY TOrO,
yTo oH TpeByeT 37eKTPHYECKOro Boas, 3aHHMawmero Goabmofl 0GbeM.

NENMponsr  wid
vORS!

D3OG CREpOCITIS

Prr. 14, PoxyCHPOBKA 2JpAMREHHHX YaCTHL M HX 0T00p
10 JHEPrUAM TNPH OTKAOHEHHW B 110.1€ WHIHHAPHYECKOIO
KOHREHCATOPA.

R H Ra ~ palrycw ofRJIZNOK KOHISHCATOPA,

PaccmoTpaM GOKYCHPOBKY B NTOAe UMIHHAPHUECKOrD KOHIEHCATODA, DIEKTPOH,
BXONAWHKA ePNEHINKYARPHO K PARAYCY B N0JE WHIHHIDHUYECKOrQ KOHIEHCATOpa,
PANRYCH GOKIXOK KOTOPOIO PaBHH Ry H Ry, onviwer a¥ry kpyra (ab (puc. 14), ecau

— eEy = mRywl, (3.2

L 2
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3nech o — HaNPAKEHHOCTh lodA npu KR==RK, U ©, — Kpyrosas gacrora.
Ecap Touka O — HCTOMHHK Y3KOro PacXONMIEroCA MYUKA 3ACKTPOHAWX Jyued,
1o peakufl APYro#l 31eKTPOH H3 NYUKA OUMWET KPUBYI, OAHSKYI0 B KPYTY, KOTOpas
epeceKaeTea ¢ OKPYKHOCTHIO Ro, naupumep, B Touke b. [loxawem, 4ro nocie

IPOXOKIEHHA IYCH oipedetenHofl ATHHW, paBHolt /) 2 = 127°17', NPOHCXOIHT
(oKYCHPCBKA  UYUKA  Ayued, BWUIENUMX H3 OJHOH TOYEW C OOWHAKOBON

(‘KDPOCTbIO. .
Jas uyrte Ocb B KaKOH-HHGYIb TOYKe

—eE=mRo® — mR. (3.3)

HanpAXeHHOCTh 11014 UUIHHAPHYECKOIO KOMAEHCATOPA HA paccTosHnw R or
oCcH paaHa

E=FE, %u—.
Obo3naunM Manylw eexuunny R — R, vepes r. Torna
- F R@ K—r r
r=~R R R R
H
g (T ,,
E=F, 1\1 R/ (3.4)

Tak Kak Ha IICKTPOH JefCTBYET UEHTPaabHas CHNA, TO, KaK H3BECTHO HI
MEXaHHKH, €r0 CEKTOPHAIbHAR CKOPOCTh wk* OCTAeT(A NOCIOARHOH, T, €.

R
UJRixmuRﬁ; 0 ==ty -'R—g.
Popmyay (3.3) MOXHO Tenepn UEPENHCaTb B TAKOM gHfe:

. R
SR

/ r
—_ [ — —= mg — m =0,
eEG( R)+ w
HAH TaK KAk — eEp=mRyl u R=Ry-}+r, 10

Rei (1= ) P gy o =

Ecan B ypasnchanu (3.5), ocuoBmBanck Ha 6au30cTy Tpaexropunw Och x OKpyx-
HOCTH, OTOPOCHTL BCe wWleHH, colepkamue r?, r3, rf » 1, 1, T0 yparHen#e (3.5)
CBEIETCA K YPaBHEHHK

) (3.3)

F+ Quwir=0. (3.6)

3ro ypaBueHHMe APOCTOro rapMOHMHYECKOro KoaeGaHma, Tak uTQ paccToAMue
MexRY OOOHMH TPaeKTOPHAMA r= R — R, H3IMEHAETCH CHHYCOMAANbHO H 31

2n
nepuoft 7,== ——— RABAXAL NPOXOAHT Yepe3 HyIb, BpeMa OT 0IHOro Npoxom-

g
REHHA uYepe3 HyAb A0 JApyroro pasuo J,/2, n 3a 370 epema Oeryiyult no kpyry
3AeXTPOH APOIOAMT AyTY

Ir_ =

2 y3
DoKyCHPOBKa & UMIMHIPHYECKOM 9ALKTPUYECKOM Tome, HAPAAY ¢ POKYCH-

POBKOA B OMOPOAHON MarHATHOM 1104€, NPUMEHAETCA B MACC-CIEKTPOMETPUA
e

Ob == u, — 19717,
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(cM. § 38). Haraagnyio XeModCTpaunio GOKYCHPORKH B UHAHAAPHYECKOM moxe
MOXHO [IOIy4HTh UYTEeM QOTOrpadHPOBAHHA HHTCBHIHBIX [1YYKOB 3ICKTPOHOB,
00pP43yI0WHXCA 1P ONpelcieddbX YCAOBHAX B Pa3pCHKeHH X razax, Mexaunsw
ux oOpasosanux Oyzer onucan uuxe (§ [1); cefluac Mul 3aMETHM TOJBKO, UTO
BCACACTBAC BO3OYMWACHHH aTOMOB HPH COYRAPCHHHX € ICKTPOHAMH HA NHYTH
CACAOBAHHA ITCKTPOHOB NPOHCXOAHT H3AYUCHHC H IYUOK MOXHO coTorpadmpo-
BaTh. Ha puc. 13 nana ¢otorpadun Tpex HUTERMINLIX NYUKOB B IMLIHEIPIYCCKOM
noe, POKYCHPOBKA  HOCAC NPOXOKJCHHA  AYTH n,f';/‘g pad = 12717 puna
BIIOAUC OTUCT.AHBO.

Ecan nyrtu ayuelf BHYTPH KOHJACHCATOPZ JMOCTATOMHO JITHHCH, TO KOUACH-
caTop OyAeT UPONYCKdTh 3ACKTPOILL HIH HOlBL TOABKO OJHON oupeacienuof
CKOPOCTH, 1lyCTh CKOPOCTL 3TCKTPOHOB Dy = 120, M BXOAMAH W BHXOANAS

(ouwenwv yskue) weau npubopa Dy M [y 1ekaT Ha  OKPYKUOCTH paauvca R
mu;

fican ATCKTPONN NPONOIAT UCPCS obe Mean, To —R—_ = — e i ‘ZUU/R —_—
—F = ﬂ 0 ™ .-U\Q l:
= 72 > OTCHA Y
aRr dat/ )
R =, G0

Ecin  wappaweuHe ua KowacHcatope
pasuo Uc, 1o, suterpnpys (3.7), no-

JdY UM
R 0
dR \‘ au
R o ] QUU ’
Ry Ue
Puc. 15, PoToCcuiMOK 3ICKTPOHHLIX V-
yeit B paspemesiom suie, cokycupo-  OTEYAD
BAUHLX B 1107€ LHANLAPHYCCKOLO KOH- 12,
ACHCATUPA. Ue="12U, 1“!—,. (3.8)
<

[Tpu 3ajgannoM waupstkenits  xouaencatopa - 11 onenb y3xoil sea £ yepes

KOHJACHCATOP NPOXOIAT TOJILKO 3IMEKTPOHB BILOJIHC oupencacunoi sncprin (el ).
Bee sacxkipoinn ¢ G6oanmieft nanm seubiedt speprueit 6yjyt sazepwann. To xe
YCTPOHCTBO MOKHO HCIOIbL30BATL H Al 0100pa  NOJOKHTCTLIX 110108, HMC-
OMAX ONPCARACHNINIO SHCPUHIO, HPY 3TOM, KOHCUHO, BPHACICH H3MCHHTH HANPaB-
agnie uoJdA 8 kontencatope. ITpn yvraosofl 1adne xonncicaropa, pasioil 12 ’

— 1

MOJAYHAITCH OIHQBDEMEN oTH0D SUPHKCHHBIX  UaCTHI, 3a1aHHOIT SHC P T

$HOKYCHPOBKA HX 11 BLIXOMIOH ULCTH,

4. Jlyuu, npoxoasumiue uepe3 oTkAoHsiomee noae. OGparuvcs
TEHCPb K BaXBOMY A48 HPAKTHKKH CIVualo, KOrAa NyHOK 3JeKTNORHbIX
HAK  BOUNBIX Ayuelt orkAaonsieTes na neboaplioft yros, 1poxoss CKBO3b
ARYXMEPIIOE 2ACKTPUNCCKOC MM Marnirioe noae puiaa, n3obpaxeHHoro
Ha puc. 11,

He Oyaem c¢nawaza npuuuMarh BO BlAManue I[0Je paccednus. IJJek-
TPOoHHLI ayu (Tak ™Mbl A9 KParkocty OyAeM HadbiBarbh TOUKHH 11Y4OK
JAyuell) BXOAMT B 3aAeKTpUuecKkoe nosc B touke O (puc. 16) # BoIXOAHT
w3 Hero B Touke A, oumcas ayry napaboas, Ms ypapuchua (2.27) B

F
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o060o3HAYEHRAX, MPAHATHX Ha pHC, 16, MOayunM, yuyuTolBasg, 4TO OTK/OHE-
Hie MOBCIOAY B 0OJe OcTaeTcd ManwM # uto E <O
__E o WE g
K= 2R g 2 (3.9)
Wz uepreiKa

dx UTK {E
gﬁmtgzgz[a]zzzg W pp=t Elp= . (310)

i
rae Uazi;]——ycxopmomee Hanpaierue HCTOYHWKA 33JEKTPOHOB, He

nokasasHoro na uaeprtexe, u U, — Ed — Banpssenre Ha OTKIOHAIOLINX

x

r

'y
Ly
Z

C

s

<

f.— 3 — ]
[ne)

Puc, 16. OTKI0HeHHe 3apAeHHHEX HaCcTHIl NPH HPOXO-
MICHHA 4Yepe3 ONHOPOAHOE INCKTPUYECKOoE no.ie,

nnactunax. Popmynoi (3.10) MOXKHO T0AB30BATHCA C HEKOTODHM MPH-
GAHKEHHEM R TOrda, KOrAa SACKTPOHH BXOJAT B MOAS 10 HANPaBJEHMUID,
He B TOYHOCTH NapaanebHoMy mnacTuHaM. (CMemeHHe TOUKA NONaNaHusd
3MeKTPOHOB Ha 3kpan u3 C B C’, KOTOPOE MOMHO CALNATh BHIHMMEIM,
NOKPHEBAad 3KPAR KaTOAOMOMHHOPOPOM, DaBHO

7Elg ! -
hp=X; 4 Xa=[X]:mp L tg GE=—r5" (L ~ _213_)% .‘f—f (el (3.11a)

HJaH

g Ugrg ‘!E L !E Uorx
hg== 57 =5 U, (L—{— ) > U (3.116)
Hakoneu, w3 vpeyroasunka FBA bugwo, uto
_ AB .S
FB—= Gap — Igeg =/g/2,

T. € NOAMXKEHHE TOUK#A F He 3aBHCHAT HH OT D, HI OT ag W CAENDRa-
TCABHO, €CNB B KOHACHCATOD MOCTYNAET BAOJL CpeaHel ero AHHANR MOTOK
SAEKTQOHOB Da3HHX CKOpOCTQﬁ, TO H3 KOHISHCATOPAa OHH BHEXOJAST B
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BHIE PacXOAAUEerocs NyuKa aydeR, NpogoMKeHHs KOTOPHX MEPECeKAroTCR
B «MHUMOM (okyces F.

TlpumeMm Tellepb BO BHHUMaHWE noje pacceaxns, HO GyaeM NO-NPEHHEMY
CYNHTAThb YOl OTKIOHEHHUA MANHM. YpaBHECHHE ABHIKEHHA N0 oCH X Oyler

mx==— eF,,
OTKYHa

dz dx ol/
L d(d:) WEpdz=1 0 dz, @3.12)

alj -
rpe rpaiuent fa.?-—tllyﬂl{l.lﬂﬂ Z, 3ABUCANLAR OT XapaKTepd SJEKTPHYECKOro noxs.

dz
Mo-ApexRreMy BBUAY MANOCTH OTKIOHEHHA MOXHO CYHTaTh, qroa—fnzvn

YTG CKOPOCTH 7+ MAJT0 MEHAETCA B Ilpouecce JPOXOWALHHA YePe3 OTKAOHANWUIee
noae. U3 (3.12)
F4
dx _ {7 6U
dt = ) v ox
G

YMHOXaA STO PaBeRCTBE HZ dz H 3ameHas OndTh dz/dt uvepes v, NOAyUHM, HH-
TErpupyYA €€ pas, 4TO OTRAOHEHWe JIATHA HA IKpaHe paBHO

Zl=21

e ol/ e A
xz=zl=kﬁ_m_ryf S § ax 4% dz=A mod . AHS, (3.13)
o

FA€ z, — PACCTOAMME OT TOUKH BXOMOeHHA 3ACKTPOH2 B NOae [0 3KpaHa.
3naueHue uHTErpand MOWHO HaftTH, H3MepHB 9KCMEPAMEHTAJAbHO pacnpeje-
acHHe NnoteHumana I/ W BuHYNCIMB WHTErpPan [IPHEMAMH YHCACHHOTQ HHTErpHpO-
BAHWA HMAH DPONYCkan d4epez npubop 3ASKTPOUN H3IBECTHONW CHOPOCTH © H
n3MepAn Ka sKpane Az Ha Beanumay A, Takum o0pa3oM, MO¥HO CMOTpPETH Kax

Ha KOHCIaHTy CTKJAOHAWMIEro yCcTpoiicTBa, koTopas MoxeT OuTb onpejeacHa pa3
HaBcerha.

Jlas yAaCHEHNA BIUAHMA (1018 pacccmms IG1e3HO PAaCCMOTPErb OTHJIOHEHHE
B KOHACHCATOPE C 3JeKIpoHHoonTHYyeckof toukH spenyun. [1ycis noTenamnas mpo-
CTPAfICTBA 33 NPEJACNIMH OTKNOHAKWETO noiaa paeeH {/,. B 31eKTPOHAO-nyuesnX
TpyOKax Tako¥# TOTCHUHMAR JPOCTPAHCTBA LIOAYYACTCA NMOTOMY, YTO CTeHKH Ga2i-
JOHA (IOKPHTH H3HVTPH UPOBOIAUIMM CAOEM, COBAMHEHHBIM C YCHKOPAKIIHM 976K«
1panoM. Ha naactHee nogavw naupaxernna U, + Uy w2 v Uy — Uys o /2 (caMmer-
PHYHOE EKIIOYMEHHWE), Tak YTO CPefHAR AWHUS KOHICHCATOpA ABARETCHA IKBHIO-
TCHUMAALROH nuHHell ¢ noTewnnaaom U, (puc. 17, a@). B Touke A, newxaweir na
rpasune OmHOpoaHoW obBracTH otdaoudiomlero noas, noTeHunanr pasen U, =
=, + Ex,. C saekTpoHHOOUTHUECKOH TOUKW 2PEHHA OTKIOHCHHE AY¥Ya CaAenyes
PaccCMaTPHBAThL Kak (PeaoMaenHe B CA0€ TOJUIHHB X, 110 06e CTOPOHW KOTO-

poro notenuman paven Uy, n (U, -+ Ex,). llpamenas 3akon npesosMiaenvs (cu. § I,
tpopuyau (1.30)), n3 puc. 17, 6 noayuuwm:

sime 1 U+Ex, ]/
sinf~ cosag U

1 Exl Ex,
'H)STD‘._‘_E ]—*—Igsﬂﬁ——l—l-‘ g aE —lj'*a—-.

EX1

OTKY A2

-
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{ - b‘o K
Bocioab30BaBUINCh COOTHOIEHHAMH xl-_-.——?E Igap v £= dt- , Halipem:
e U
Goo=tpa, — — —OTK
£ g2k 2d U,

5. e. upexuoio dopmyry (3.10). Ho 8 touke A nokasatesp nperomaenus
ﬂA:}/U.ﬂ # 3TEKTPOHY NPEACTOHT ele NpH BLIX0IEC BO BHEIIHCE NPOCTPAHCTBO

C noKasareJeM HDEJOMIACHHA M, =— VUa HCIINTaTs ACNOIHHTEALHOE RNpedioM.ae-
nile;, KOTOPOE H BWpPaaer BIHA-
gue Hoan paccesuus. OHo Mo- , p
weT ObTb MANO0, €CIH IITEKTPOH, e Ve
ppoX0la NOAE pACCeAHHd, Nepe-
ceKaeT S3KBHRIIOTCHHUARAbHLIE Mo»
BEPXHOCTH BCC BpeMa NOX yrioMm,
6ru3kum K 90°. Takoe noroxense
noay4aercs, ecan {cu. puc. 17, 6)
PHMEHHTE  CHMMETpUUHOE OT-
KJOHS IOUIER 1T0Ae MEWAY MI0CKH-
My paactHHamA. Ho BosmowHo !
TaKkme, HAMEHUB QOPMY MAACTUM, 24
r
|

34CTABMTL SICKTPOHW HATH NDYTH
napaaie.gqbHO SHBHIOTEHIIHAA b-

|
|
HLM MNOBEPXHOCTAM H nepeceKkath |
WX fojl MaJaniM¥M  YRIaMH, a06u- :
gaach TeM CaMBIM GOAbUIETO OT- )
KIOHEHUA B LOJ€  PacCesHHI. /*-Q\\ﬂl
ST BOUPOCH HMEKT Goavinoe a=90° '
3navenne AaA paboTe BAEKTPOH- ;
Hore ocouagorpada.
pad { Al %
OTK/IOHEHNE 3ACKTPOHHO- T = T 4 aj
ro Ay4a MarHHTHeIM TIOJEM
Np¥ YCJIOBHH npenebpexeHnd 3

ACHCTBHEM TNOJIA  PACCEAHUR  pye |7, g — cummeTpuunas nojava OTKIO-
MOXHO BRIYNC/IHTH, HCNOJAB3YA  WAMIErQ HAUDAXEHHA Ha [JaCTHHO, 0 —X
puc. 18, Tpaexrtopua sayua STEKTPOHHOCHTHYCCKOMY PacueTy OTKIACHEHWH,
coctour H3 nyru kpyra OA,

KOTOPYIO 3JEKTPOHH ONACEIBAIOT B MarHUTHOM NOJAE, W NPAMOARNEHHOrO
yuactka AC, npoxX0ouMorg TNo HHEePUHH TNocjie BuXoza u3 noasa M3
puc. 18 caenyer:

NW=R—VR—0li =

* L&'H L'JH
R—y " VRE—5'’

OTKYHa

hy = = —_— 1
n=ntr=R+ (3.14)
s manp oriaouenud R?>> 13

__hﬂ-—_R—j—(L_!_{H)IH—R’ _ (L-|—£H)IH (3.15}

R o R ’



40  EBMWEHUE 3APHKEHHHIX UYACTHU B SAEKTPHY, W MACH. noasx [ra.

R__cg__cVEnUa_ e V-QU‘,
wH TH oy L P L/

rae U, — ycKopamoluee Hanpaxende n £, — HalIPAKEHHOCTh  OTKJO-
HSICLIEr0 MarHUTHOIO HOAk, TO

h (L + ZH) JH oTR —

!R‘UC

Tak kak

_ E+iny
. ] / 2U,
ki

Jlas yraoBoro OTKAOHENHA B MarHUTHOM HOE, BaMEHAA TAHTEHC Ma-

A0TO YrAa gy YUAOM, NOAYUUM:

How  (3.16)

Vs —_f_{f:i’i ’1 H

QA == —E— = RL R om‘rH- (3 1 7)

Yraosoe OTKACHEHHE 2y TPONOPLMOHAABHO Aaude nyrtd [y, npoGerae-
MOTO 5JEKTPOHOM B OTIJIOHSIOILEM M0JE.

Cuefyer OTMETHTB, 4TO Ay nponopuronansio } 7, B To BpeMa Kak
he He 3apucHT OT 7. [l03TOMY B 3MEKTPOCTATAYECKOM NOAE OTPHLIATEAb-
HHE HOHBLI OTKJAOHSIOTCA COBEPLIEHHO TaK K€, KaK 3AEKTPOHH, B TO
BPEMA KaK B MAarHWTHOM II0J€ OTK/JAQOHCHHE HOHOB TOPAa3io MEHbIIE,

[
1
Rz
. h"
T ey
4 T 'z
fe— Ly 3:—!: L

Puc. 18, Orkaonenne 3J3eXTPOHOB Dpd UPOXORAEHHU
HEPE3 ORHOPOQHOE MArHUTHOE 10J€,

Hane Bcero 3aeKTPUYECKOE M MArHHTHOE OTKJIOHEHNA DNPHMEHAITCH
B SJEKTPOHHHX OCHAMAOrpacax, W [Af NOAYUSHRT HEHCKAKEHnoH ocuua-
NorpaMMbl  HY:xHO, YTOOHW OTKAOHEHHE JUHEHHO 3aBuCea0 OT uccaenye-
MOHR BeAHUYMHH — TOKa HJAH HANPAKEHHAS.

Gopmyaer (3.11) u (3.16) noka3ssBaloT, uTO [y NPONOPUHOHAALHO
Hyo T. € TOKYy B OTKJIQHAOLIEH KaTyluke, ecad B Hell HeT keiesa,
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g TO BpEMA KaK Kg MPOnopuxoHanbHo /. W yCHOBHE JAHEHHOCTH BH-
noangercs. Ho 3T0 BEPHO TOJLKO A1 CEpelHB YKP2HA, FI€ SAEKTPOHH
nepecexaioT IKBUMOTEHUHANLHYE NOBEPXHOCTH MO yraamu, Gau3kumu K
90°, u pansHue nonel paccesnus Mano. Ilpuw Goavmuy oOTKAOHEHMAX
pnuanue Nojefl pacCesHus BO3PACTALT, AUHEANOCTh HAPYIMAETCH KB 3TO
NPUBOAHT K MCKAKEHHIO OCLMANOrDaMM,

Eca® HYXHO NDHHATE BO BHHMAHHE M0JC paCCedsHHA 3IEKTPOMACTHHTE, TO
OTKIOHEHHE MOXHO BolYUCAHTH CACAYIOLEM o0pasoM: iR J060H TOUKR uyTH
paInyC KPHBH3HbI R MOXHO HAaATH H3 PABEHCTBA

mo® H o0
R ¢

Kag n3secTHo u3 nHfepenunanbuofl reomerpun,

[+ (Z)] 1

d%y o dy
dzt dz2

R=

TaK KdK UPH M31OM OTKIGHeHMH Be3le dy <€ dz, TMoiacramaaa 310 aHavenwe R
B (3.17), 10CIC HEKOTOPmMX MpeobpasoBaHult H JBYKPATHOIO HHTEUPHPOBAHHA NO Z

HO.FI.}"JHM:
2=2

4
(4 4
hH=|y ‘2=-’-|= it S 5 —Hdz) dz —— B. (3.18)
0 0

31ece 7y — PACCTOAHHE A0 3KPAHA OT TOYKH BXOXKIEHHA 3IEKTPOHA B MarHHTHOe
fnoae H, B -— KOHCTaHTad OTKAOHAWCULETO YCTPOHCTBA, KOTOPAR MOXeT OWTh BHl-
YRCIEHA MM ONpeJeteHa IKCIePUMEHTANAbHO CNOCOO0M, CXOAHHM C TEMH, KOTO-
pHe OblAA VKadalinl 118 onpefieaeHis A.

Buimie 6ol10 ONKMCaHO OKYCHpyioLee XeHCTBHE OTKAOHSIONIETO Mar-
HATHOro MoAas npd noropoTe Ha 180° KOTOpOE HaCTO OKaswBaercs
nojeanpy, B pOTUBONONOXKMOCTE 3ITOMY (oKycupyiowmee aefictede npw
MaJBlX YrAax OTK/JOHEHHS NOuUTH BCeria Hexeaateabno. Hanpuwep, pery-
TUPYS HANpPsUKEHUE Ha 3NEKTPONAX IICKTPOHHO-Ayuesof TpyOku, AODH-
BaKOTCA Xopouwed (OKYCHPOBKHU, T. € HEOOABWIOrO pe3Koro mnaTHa B
NEHTPE IKPaHa [IPH OTCYTCTBUM OTKAOHAKIMAX noneA. Ecaw npm oTkao-
HEHHW MOIYYACTCR AONOJNHHUTENBHOE COAMKEHWE MAM PACXOKIEHWe 3IIeK-
TPOHHHX JAyuyell, TO Ha Kpaax SKPaHa NPOU30HNEeT pPa3MBITHE NATHA M
KaueCTBO OCHM/VIOrPaMMbl HAH TEACBUSHOHHOTO M300pDaKEeHnsa YXyJAINaeTcs,
[Tepen KOHCTPYKTOPOM CTOHMT, Takum OGpPasoM, 3aAada 0CAaGUTH TIO BO3-
MOKHOCTH (POKYCHPOBKY B OTK/JIOHSIOIIEM HOJE,

b. ®oxycHpywImee AelCTEUE, CONPOBOKNAIGEE OTKJONECHHE B
saeKTpATecKoM nonae. Mol He Moxem 34ech noapoGHO OCTAHABIUBATHCH
Ha TeopHH <¢okycupywoiero aehcTBud OTKACHMMOWIHX NONeH H OrpaH-
YHMCA TONLKO DPHMEPOM, Ha KOTOPOM MOMKHO YSCHHTH Ce6e NPHYAHB
MOABAEHHA AONOJHHTEALHOH (POKYCHPOBKE OTKJAOHAWMMNX noneft.

PaccMoTpum nyyok 371ekTporos koMEUHOH wWmpuHm A, BXoAAuLAH
B KOHACHCATOP UEPREHIMKYyIPHO KR OTKAOHMWIMEMY noaw (puc, 19).

i

[
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Kpa#tnaM syyam nryuka COOTBETCTBYIOT Pa3THUHME YCKOPAIOMHME HaNpS-

A k+ Ah
KEeHNA, PaBHRE (Ua + U, ?) u (Un A Uy “_4_;'__
TCAbHD, OHH HCOHTAT B  KOHASHCATOpPE . pPA3MHYHHE  OTHK/AGHEIHA,

) , H# caenosa-

A}
Lz Yat Ve iz /\

T y

4 r———
-

- d<_1_ _______ Ah-—o—— —— Ap X o= . -

b
A

g

- I - -

Prc. 19. PoxycHpoBka uyuKa STEKTPOHHBIX AYyyelf IPH TPOXONIACHHH
yepe3 MCXTPHUECKOE TNOoJE MIOCKOrD KOHIEHCATOPA.

[Ipene6Gperas AeicTBueM mnosed paccesHus, no dopmyne (3.10) nns
yr/10B OTKJAOHEHHR KpaHuux ayuell (zp)y =0, # (ag)==0; noayuum:

8 UBTK [E
1 — i k y
2d (Uu "*‘ Umx * E)
B!: _ UOTK JE

2{Uy + Uors 5]

Ecnn cuntato, uro U, 3» U, TO DasHOCThL yLAOB OTKJOHEHHA 1puGan-
3UTEAbHO PaBHa

Uoen !
AG =0, — By — —° E[ LI ! ]:a

2d h A+ Ah
Ua+Uorx'd' Up=-Uorx '"id__
Ut lg
o ~§%§~ Ah. (3.19)
Ha ueprexa
Ax Ak
S= >~

AR .
tak wax yrox 0 man u cos 9a« 1. INoacrasus c:ima H3  GopMYnH

ab

(3.19), nony aum;
i B 3.20
f—Uétk{E—-Qe!’ ( )
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rae
Uonc {E Eorlt {E

S=—ar = 50,

~— yTOa OTKAOHEHHA CpeaHero Jyda. Tak KaKk X0 OTKJOHEHRA 31eKTPOH-
Hble Ay4d OBM MAPaNAenbHbl, TO BEAHYUHY f MOXHO Ha3BaTb (POKYCHLIM
pacCTORHUEM 3AEKTDOHHOR JAHH3H, DOKYCUHPYWILHUM AEHCTBUEM KOTOPOH
CONPOBOXAAETCA OTKJIGHEHWE IEKTPOHHMXY AyueH, JTa JMA3A NUARHADH-
yeckad, TaK Kak Gokycupyromee nelcyaue OyaeT OAUHAKOBO B micOOH
[AOCKOCTH, TNapamjensHolt naockocTH weptexa. Ontuyeckum asanorom
OTK/JAOHFIOWErQ0 KOHACHCATOPA HBAAETCA CHCTEMA W3 MPU3MLI B LUAAMHAPH-

1 S
veckofl auuznl, ONTHYECKAs CHAA AMH3W — nponopudoHaasHa 0% 1. ¢

S

GHCTPO BO3PACTAET N0 HANPaBAEHHUI0 K KPAasAM 3KPaHa, rae H NoAyuaercH
HanGoablilee wuckaxawmee OERCTBHE QOKYCHPOBKH, CORPOBOXARAIOMENR
OTKJAOHEHHE Jsyueh,

§ 4. PacueT ® 3KcnepMMEnTajbHOE ONpeleNeHHe 3INERTPHYECHHX noei
B 3N¢KTPOBAKYYMHBIX NpubOpax

8 SNEKTPOHANX NaMIAX M SAEKTPOHHO-IYUEBLX TPYOKAX NPHXOAMTCA HMeTh
A€70 € NAOCKHMK M aKCHAaAbHOCHMMECTPUUHpINK nNoaamHK. Jlas uwayuenrus asuxe-
HUA SNEKTPOHOB B 9THX UOJAX HYKHO TIpeXie BCero YMeTb C AGCTATOMHOl
TOYHOCTHLIO WX PaCCUHMTHBATHL MIH H3MEPATH.

1. Buipamennd noTeHmnHana M KOMMNOHEHT HANPAKEAHOCTH AKCHAABLHO-
CHMMETPHYHOTO DOAA 4Yepe3 NOTeHuHan Ha ocy. B npnbopax ¢ akcHaibho-
CHMMETPHUHEIME HONSMH BCeria HanGoiee HHTepecHa o06JacTh Noan BOJIHM3IN ocH
cuMMeTpun. B 9Toll 06aaCTH NOTEHOWAA H KOMNOHEHTH HanpAKEHHOCTH NO3A
MO¥WHO BHP23MTh 4Yepel MoTeHlNHax Ha OCH W ero upouzesognue, Ecam Bocnons-
30BATLCA NHAHHAPHUECKOH CHUCTeMON KOOPUHHAT 7, 2, ¢, TO 3TH BHPAKEHHA UMEKT
BHA (BHBOJ CM. npuaokeune, § [ ¥))
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IKBUTIOTEHIHATLHEE 11OBEDXHOCTH BOAH3IN OCH MMeloT GOPMY rHIepSOAOKHIOB
BPAllEHHA W Mepecevenne MX ¢ MEPUIVAHHWMH NAGCKocTaMn  dopmy rinepboa,
Panuyc KpHBH3HN SXBHIIOTEHUMATLHHX AWHAH HA OCH BHPaXMaeTCA QOPMYION
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*) Peuckumn ungpamu obo3maven HOMEpa naparpaoB NPHAOHEHUS,
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3TH GOPMYIB IIOKA3IHBAT, YTO OUEHb BAXHO HMETb TOYHBIE BHPAXEHHA 10-
TeHilHaTa Ha ocw $(z). K coxalenuio, 3T0 YHaeTcAd TOILKO AR HEMHOIHX NIpAK-
THYECKH HHTEPECHHIX GOPM 31eKTPOIOB, W NaKe B IIMX CAYyuanx JICAYHEHHbIE
BHPAXEHHR OKAZLBAIOTCA CAOXHLIMH M HeyIoGHRMH JJ5 NPakTHYECKHX PACUETOB,
[losToMy HHXE HEKOTOpHE, UPEICTABAAIOMIME BCE Me NPAULTHUEeCKHH MHTEpeC
TeopeTdyeckue (POPMYAn DpuBEelicHs Ge3 pwBola,

2. PopMynst aa8 pacuera NoTeHuMana Ha ocu. 1. Ilotenudar Ha ocw
KPYrA0rc OTBEPCTHA (pPamMyca ry), UPOPE3aHHOrO B NMIOCKOM TOHKOM IHCTE, Ha-
XOAHIEMCH NPH NoTeHidase [y, NPH YCAOBHMAM, uT1G 110 00€ CTOPOHBM OT JHCTA
CYI{ECTBYET OJAHOPOJIHOE Noae ¢ HANPAKEHHOCTAMA £, 1 Es ¥ Hauano Koopausar
HAXOIHTCHA B LIEHTDE OTREPCTHH, PaBeH
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2. Kak O6unino nokazano Beprpamonm ¥), pacrpeaererde noreHukala Ha OCH
CHCTEMA 2IEKTPOIOB C 0CeBOH CUMMETPHEH MOXHO BHUYMCAHTL € 10000 cre-
NEHbX TOYHOCTH, ©CAH H3RECTHO PACKpeldele¢HHe II0TEHNHMana Ha IANHIPUYEeCKOH
NOBEPXHOCTH KaKOro-HuGyAb onpezededHHoro paiaunyca K. Merox Beprpama npu-
MEHUM K 3MEKTPOHHEIM AYH3AM, O06DAZ0RAHHEM [10IAMHE HECKOAbKHX KOIKCHAIbHUX
nuauHapos, Takue JHH3N YacTe NPHMeHALTCA Ha npaxtuke, OIrako cnocob
BLIYHC/ACHAA 11019, A3HHHH DeprpaMoM, CIHIKOM rPOMO3IOK, H NOITOMY HM PEIKO
noabayorea. [aA noneit Ha ocH ABYX NKWIHHAPOB, pPa3feleHHWX Y3KHM 3330DOM,
BHREACHA TalXe ToYHaA GQopMyJta, HO H OHA COJNCPIKHT HHTErpad, KOTOpHIH
yaaercd BHUYMCIHTL ToabKo npabGimkenuo |J1. 1. 2, ra. 2, nozpoGuee JI. 1.4).
lloaroMy Muw npuapexey ToIbk0O ¢opMyan, HAONME JOCTATOUHO Xopouree NPHOG-
maiceHue. Jlaa a1syx uuaMeapos ¢ noterndadtamy U, 1 U, onvHakosoro paguyca R,
Pa3leneHHBIX 3u30pOM HIHPHHH S, pacApeielenne NOTeHNKala BRGIs OCH NPHO-
THKEHHO nmojaudBaerca dopMyle (Touka z =0 JekHT NOCepeIuHe 3a30pa)
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B1i dopMyan JAT xopomee nprbImmenne.

Jlast noas Ha ocH ABYX NHIHHAPOB Gblda TAKKe NpPELTOXEeHa 3MNUPHUYECKanA
(opMYTa, BHIBEICHHAA H3 SKCIIEPHMEHTAILHOTO U3MEPEHHS (1018 B 31EKTPOIATHYE-
CKOW BaHHE (OUMCAHHE METONd U3MepeHWs CM. c1p. 49—54)
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nph 8 =0 &= 1,46R n dopmyaa (4.9) naer sHayeHue, oUeHb HEMHOID OTINYAIO-
WeeLn OT 3uawendid, HaWJIeHRHX no dopmyae (4.8). dopuvaz (4.9) vaobra nis
pacueToB, TaKk KAK 114 BXORAUIErc B HEee MHTErpa’a CyUleCTBYIT Tabrunn U H3
HAX Jderxo Hafitd i1pou3sojuee ot @ (z),

#) J. Appl. Phys,, 1. 13, crp. 490, 1947,
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[IpHBEACHHLIME CAYYAAMH HCYEPNLIBAIOTCA 8Ce NPAKTHYECKH BaWHuE KOH-
CTPYKUHH 31€KTPOJOB, IS KOTOPLIX YaeTCA NPOBECTH CTporuil Teopernyeckudt
acuer. Hro e xacaerca 6oaee CI0XHBIX, HO BMECTE C TeM HaCTO YHOTPeHas-
[OUIMXCA KOHCTPYKUMH, KaK-TO! NMAMHAPOB DASHWX PaiMycoB, NpoPMAHpOBAHHHY
qtagpars, 6IH3KO PACNOTONKEHHHX JIOCKHX IuadparM @ T, n., TO UX NOIA CYpO-
FOMY TEOPETHUECKQMY PACUETY He N0oANa0ICH M {IPHXOIMTCA upuferaTb X 4HC-
TeHHbIM PACUeTaM HIM K 3KCIePUMEHTAILHOMY HCCIeT0BaHHUIO.

M3 xowcTpykuwit, HAOMMX NIOCKHE 3JIEKTPHYECKKE T00JA, pacyery nol-
AAI0ICK N0 MIOCKHK M UHTHHAPHWECKHY CETOK UPH HEKOTOPOW NpocToll dopme
gucek. CeTkd — OOWYHBIH 37AEMEHT KOHCTPYKUHHM SACKTPOHHBIX AaMil, # [OITOMY
Mb fIOK2 OTIOXHM PacCMOTPEBHE COOTBETCTBYIOmMMX dopMya (cm. u. Il ra, 5).

Beuay Toro uro 8 nojasispiiem 6oIbUIHHCTBE CIYYaeB TOYHWH MaTeMaTH-
yecKHit pacuer 3TekTPOCTATHUECCKHX (ozeH B 33eKTPOBAaKYYMHHX npufopax He-
po3MoxkeH, 60abliloe 3HAMEHHE HMEIOT METOIN NPUOIMXEHHOro HYHCJACHHOTO pac-
yeTa NoJell U MeToLW SKCAEPHMEHTAALHOrO HX H3MEpeHUA. .

3. MeTol 3NEKTPOJHTUEECKOH BaHHB. JHAA reoMeTpHio IEKIPOROB A MX
HOTEHHHAIH, BCRrda MOXHO B OpHHIMIEe ¢ modol CTENEeHbI0 TOUHOCTH HAHTH
pElIEHHE YPaBHEHHA Jlamiaca ¢ NOMOIBIO YHCICHHHX pacyeToB. MeToAcH VHC-
JeHHBIX pelleHuii ypaphenus Jlanraca npH 3ajaHHBIX PaHHUHBLIXY YCIOBRMAX Cy-
LeCTBYET HECKOABKO, H 33 CBEIEHMHAMH RO 3TOMY BONPOCY caejyer o0paTuThed
K crenHaTsHHM  pykopoicteaM |12, JLI.4, JLL.3]. Bce onu npuHuuuHainbHo
UPOCTH, HO TPEGYIOT IPOMO3IKNX BHYHCACHH W HA (IPIKTHKE YACTO NPeAnoun-
1al0T OOGPAIATLCSA K 9KCTIEPHMEHTAILHOMY WCCIeJoBanHIe Tons B  npubope.
Mouzn BCCraa yiaobHee HCCIedoBaTb NOIE He B camom npubope, a H3rOTOBHTH
ero Moieab, Ha RNPAKTHKE NPUMEHAOTCA Pa3Hble ¢nocobul MOJICIMPOBAHNA 3ieK-
TPHUYECKCIO HOAA: METOA PEe3HHOBOH MeMOpaHb, MeTOX NOTOKa XHIKOCTH, METOR
CeTKH CORpOTHRIEHHMA M METOL 3IeKTPOIUTHYeCKOH BanHW. B naGopatopHo#t
NpakTHKe ocobeHno ynofen moClefHWH, KOTOPHH H II0AYUNA OYEHb IIAPOKOE Pac-
npocTpaHexne. B GonbilHHCTBE CAYYaeB OH JacT COBEepPHICHHO JAOCTaTOYHYIO
TOYHOCTH,

STOT MeT0] OCHOBAH HA TOM, UTO 3JEKTPHUECKOE (0.JE B OAHOPONHOM PO~
solailefi cpele (HaupuMep, 3IAEKTPOIUTE) HABIAAGTCH NOTEHRMANbHNM HOIEM H
noauunserca ypaesnenuwo Janiaca
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IloK23aTh STC MOKHC CAeAVIOMMM 00pazoM: Aas 1OCTOAHKOIO WIH MENIEHHO
MEHAWEroCH TOKA BEPHH YpaBHEHHA

divj=0, |=cE=—agradl. (4.10)

Mepgoe M3 3THX YPaBHeHUH yKA3WBAET HA 3aMKHYTOCTL THHKA BexTOpa
NAOTHOCTH Toka J, a BTOpOE BRHpaxaer 3akow Oma, M3 (4.10) caeayer
div[—sgrad U] =0, 4IH, Tak KaK o BE3AE HOCTOAHHO, TO

: U ol | U
grad divU = AU = 6x2+ I +dzi =0, (4.11)

Y10 #H TpeboRaloch NOKA3ATH.

U3 reopun noTteHuuarbHHX noded M3BECTHO, uTQ jABe (YHKUMH, YAOBISTBO-
pAOLME ypaBHeHuw Jlaniaca ¥ NpUHEMAKLME OAWMHAKOEME 3HAYEHUA Ha rpaHu-
nax HeKeToporo cGwnema, OyAyT oaMHakOBW BO BCeM obfneme, OTCIONA CAedyeT,
YTO €C¥ Mbl MCCAEAYEMYIO CHCTEMY 9SACKTPONOB C 3alJaHHWM pacnpeiedeHHeM
MOTEHNHAAa U3 BAKYYMA NEPEHeCeM B 3AEKTPOIHT, MPUHAR, KOHEYHO, MepH, YTOOW

_OTEHIHAAH UDOBOJHHKOB HE MEHAJHCH, TO XOTA B STEKTPOAUTE ROABHUTCA TOK,
pacnpeleleHHe NOTEHUMAla HE MN3MEHHTICA, €eCIN  TOALbKO  MPOBOAUMOCTL
SNEKTPONOBR MHOro O00IbUle TNPOBOAMMOCTH SIEKTPOIMTA, 4TO BCerAa BH-
MOAHAETCS HA mpakThxe. Ecam  H3MeNHT, pasMepw  CHCTeMB, OCTaBIfA
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ee reoMmerpuvyecku cebe nonobuoH, A OIHOBPEMEHHO B TO Xe BpeEMAa H3Me-
HHTb NOTEHUHAIN NPOBOIAHUKOB, COXpaHAA OTHOLIEHHE HX UOCTOAHHHM, 710
dopMa IKBANOTEHUHAALHRX NOBCDXHOCTEH W HX OTHOCHTEIhHOE PacilodOXHEHHE,
KOpoue ToBOPA, LTPYKTYPA N0, 0CTAHYTCA HEH3MeHANMH, MOWHO, CICI0BRATRILHD,
H3ydatb paclpeleleHBe NOTEHUWAIZ HA YBCIMYEHHOH HIH YMEHbIIEHHOH MONCTH
CHCTeMhbl, HaXONAUICHCA A BakyyMe, B XOpoldeM MM3JIEKTPHKE — BO3JYyXe il
NEKTPOIAHTE,

lns vaMepeHns NoTeHUHWata xako-HnOGylb TOUKH GLOJA HYKHO BBECTH B8
3TY TOUKY MAJXcHbKMHA apoBoIHPK-30HA (puc. 20), COCNMHCHHKL H30AUPOBAHHbLIM
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Puc. 20. [IpprnMiHanbuas cxema H3Mepedus pacnpe-
ACNCHHA 1OTEHIIHATA MeTQI0M 30113,

UPOBOJOM € NOAXOAAIHM U3IMEPHTEIBHRIM TpUbopoM. 304X O HCTEYCHHHE ReKo-
TOPOro BPEMEHN NPHHAMAIET MOTEHUNAT TOH TOUKH NOAH, B KOIOPOH OH Haxo-
DATCH, 3TO BpeMA 3&BUCHT OT Cpeln, B KOTOPOH HAXOIHTCA 30HI, W OT M3MepH-
TEIbHOH CXeMbul _

[lpu #3MepPEHHAX B 3JeKTPOIUTE 30HK UPAKTHYECKH MCHOBEHHO IIPHHHMAET
NOTeHNKAa ToUKH 1048, Ho BosuuxapT IBe TpYAHOCTH. Bo-mepBuix, moiroasutui
nNpoeod 30HAA BHOCHT HCHAXEHHE B RAore. VMcxaweHna He O6yIeT ToabKo B TOM
caydae, eCA® DOCTAaTOUHO TOHKHWHA, XOpOMIO H30MTIPOBAHHWE RPGBOA, HMEIOWHH
noTennuan &/, MeWHT HZ IKBHNOTERUUaNLHOH noBepxHocTH U/, HO hopma atol
NoBEPIHOCTH 3apaHee HeusBecTHa. DBo-BTopmX, CTCHKM BaHHW M NOBEPIHOCTL
SAEKTPOAHIA TAK¥e HCKAKIT H3MepsaeMoe ToJe H 9TOR owHOKH MOKRO H3le-
WATh TOABKO, B3AB OUEHb 60IbIIYI0 BAHHY W IIOrpy3ns ray0oKo CuCTeMYy wpo-
BOJIHWKOB B WHAKOCTb, YTO Ha MpPaKTHKe TpyaHO ocyuniecrsimo. Kpowe Toro,
TPYAHO CKOHCTPYHPOBAaTb MEXaHU3M, KOTOPHH TOUHO H Y¥io0HO nepememan Oul
30HN B TPEX M3MEPEHHAX M BMECI€ C TeM He UCcKax¥aa 6n uoas. Bce 3to npa-
BOAUT K TOMY, YTO AId H3YYEHUA TPEXMEPHHLIX NOseil MeTo] IACKTPOIHTHUECKOH
BAHHB OKa3HBaercA HevioOHnM. K CyacTel0, A IJOCKAX H 3KCHATLHOCHM-
METPHUHLIX nosefl Cymecrayer BO3MOXHOCTE YCTPAHHTh BCE OTMEUEHHWE BHILE
TpyaHocTH. YroOm pa3obpaThCA B TOM, KakK 370 HEN2ETCA, HYIKHO CHRYEIA BH-
ACHUTL, MOXHO /AW BHECTH [JU3AEKTPHUECKYIO CTeHKY BHYTPb NPOBOIALLEH
KWAKOCTH Tak, UTOOH To/Ae B WKHAKOCTH HE H3MEHSIOCh,

[lycte crenka #3 AUHIACKTPHKA DOCTABISHA UapalJelbHO JIWMHUAM TOKA
B SAexTpoauTe. Ha nOBEPIROCTH AHINEKTPHKA HOPMAnLA3ZA  COCTaBAAONAA
roka J,= 0, ¥ 310 e ycaoeue cobawmaeTca Ha AJ00H TOBEPXHOCTH, napani-
AeIbHOR AMHHEM TOWE., JHAYMT, CTEHKOH M3 JHITEKTPHKA, HapalaCTuHON ABHUAM
TORA, MOXHO PA3LEIATHL 3IAEKTPOTHUT, HE HCKAWSA pacnpeleieHHl TOKa H CTPYK-
Typbi NoOJAA B 3IEKTpoAHTE, NOcKoabky BexkTop E napannenen sekTopy j. Que-

I
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BULHO, Y10 HEHCKAMAWIUIME AHITEKTPHUECKHE CTEHKH J01MMHh ORTh neprneHn-
KVIASpHE K SKBHNOTEHNHAZbHLM 110BEPXHOCTAM. BoabMeM nocKoe node, HanpuWep
noje TPHONA ¢ ceIkof B BHAe pAla CTepEHeH, napanrelbHhX OCH TpHona
prc. 21, @). DKBANOTERIHATEHBIMKH LOBEPXHOCTAMH ABIAIOTCA HMUIMHADHYECKHE
(OBEPXROCTH € 0BpasyiolUluMH, MapallelbHeIME OCH TpUOLa., 3HAUKT, BBEeAeHHe
cTEHOK W3 MHIIEKTPHKA, HEPHEHIHKYJAPHHY K OCH, He H3MeHseT 0Jd. JTHM
MO¥HO BOCHOMB3NBATLCH JIA ((PEOAOTEHHS OTMEUCHHDIX BHINE TPYIHOCTEW.
Moeidb W3roToBasioT B BHIE KOPOTKOTO OTPE3KE MCCIEAYEMOR CHCTEMW H
norpyXaws B BaHHY TdK, YTO JHO BRHHB, CACTIHHOS H3 JM3IEKTPHKA, H TOBEpPX-
HOCTb 3ACKTPOTHTA NePHEeHNUKYIAPHH K ocH {puc. 21, 6). [luaaexTpuuecKue
CTeHKHA — AHO BaHHMbL H BO3AYX — He HCKa¥a®T n01e, ¥ OHO OCTAHETCs B OTpe3ke

4 -

f)

Puc. 21. Msmepedue pacupenensesysa NOTEHNNHARA B NIOCKOM
foae (Hoae TPUOA3) METONOM SAEKTPOANTHYECKOH BOJMM,

iz — paopMa TPHOIA; ¢ — CXeNa HIMEPEHHWR, & — CeKlKd MJIGCKOrO H
UAJHHAPWYNECEOL O TPHOXOB.

TPHONa TaKKM We, KAk B JIHHHOM TpHode. 30HI CIErKa KAaC2erca NOBEPXHOCTH
KHIKOCTH ¥ MepeMellaeTca B FOpH3oHTaxbHOR nockocTH. Ilepemeiienne B nsyx
H3IMEpPEHHAX MOMHO OCYUeCTBHTH CPaBHHTEILHO NPOCTO H ToyHo. Hakoden,
OTHAflaeT H MOCAEIHAA TPYAHOCTH: NOJBeJcHHHE fPOBOJA W MEXaHH3M Mepeme-
uledda 30HX2 PaclOoAOKeHH Hall SISKTPOIHIOM H TIONIA He HCKaXaIoT.

Ha puc. 21, & n3o6paxena H3mepHTenpHaa cxeMma. OHa MHTAETCa OT UCTOY-
HHKA TEPEeMEeHHOro ToKa B H3bexanue MNOAAPH3ALUH 3i1ekTpolaoB (ynobHee
paBoTarh Ha 3BYKOBOH uaCToTe, HO MOMHO BOCHOIH30BATECA H 50-DepHOXHLIM
TOKOM) H DNpeacTaBaser coboft npocrol Moctux, [loTesnnan Toukm A 3azaeTcs
COUPOTHBACHHAMH R, H R; ¥ IP¥ OTCYTCTBHH TOKa B NEGH 30HAA NOTEHOHAIH
30HA2 B Toukd A paednl. Mux He OyaeM OCTaH2sAKBaTHCA 3XECh RAa TEXHMKE
Hanepednli. OTMETAM TOALKO, YTO OHAa 04MEHb TPOCTa H JOCTYNHA moboit naGo-
patopun. Ecan tpe6yeica BhCOKaA TOWHOCTB (nOopsAmia JeCATHIX AOJEH Npouenra),
TO FAABHAA TPYAHOCTH COCTOMT B M3rOTOBJEHAN MEXaHH3MA, NepeMEeajoliero 304,

Ecnu mofeah moxmo pasneadts Ba OTAENBHBHIE OJHHAKOBHE CEKTOPH, KaK
370, HanpyMep, HMeeT MeCTO [Oad CeTKH ¢ NPYTbAMH, PaCNOIOKEHHLIMH Ba
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DJIOCKOCTH MJH BIOJL peGep NPaRHABLHON DPH3IMH, TO B MAOCKOCTAX, CIYHAINHX
rpaHiNaMH MeX1Y CeKTODaMH, TOKH GYOYT TeUb KM NAPALIELILHO M MOMHO Orpa-

Prc, 22. K u3Mepesuio pacnpeleiedns NOTEHIEANa
B aKCHaJbHOCHMMETDHYHOM JI0JI€ METOIOM 3ICKIPO-
JHTHYECKOH BOJHH,

HUUATBCA HCCNENOBaHHEM NOJR B O/HOM CEKTOpEe MOAeNH, XKaK 3T0 MOKas3aHo
Ha puc, 21, 8 A9 NAIHHAPHYECKHX A UJOCKHX TPHOAOS.
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Pnc. 23. MpuveneHHe HaKIOHHOA BaHHLI 047 HIMEPEHHU: dKCHAALHOCHMME TPHYHMY
noael.

B caydae akCHaibHOCHMMETDHUHOHK CHCTEMB SKBHIOTERHHANbHBIE MOBEPX-
HOCTH HMeI0T QOPMY noBepXHOCTeR BpPalleHHs, NEPIEeHIUKYIAPHWY K MePHIHaH-
HHM TJOCKOCTAM. BBelleHHe AHINCKTPAYECKHX CTEHOK, NeXaUMX B MEPUAHAHHX
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AAOCKOCTAX, He HcKaxaeT noje, OTcwAa BHTEKAOT nBa cnocula NPUMEHEHHS
SIeKTPOIHTHYECKON BaHHB K AKCHANHHOCHMMETPHYHLIM [I0ISM,

Favborkan BanHa Molelb CHCTeMh NpeacTaBasaer cobofi ¢e NOAOBHHY,
JOJAVUEHHYIO TIPH paspesanud N0 MepHIMaHHOH waockoctH (puc. 22). Moxens
nolPYHAIOT B 3IEKTPOAHT C TaKHM PacyetoM, YTOOW NOREPXHOCTH 31EKTPOIHTA
cOBNAJa1a C NIOCKOCTbIio pa3pesa,

Haknounnaa BaHHa (puc. 23). Moneias coCcTonT M3 TexX vacted 3siaek-
TPOMOB, KOTOPHE 33KJOUEHH MEXAY ABYMA MEPHIAAHHBIMH TI1C0CKOCTAMH, fepe-
CEKAIOIHMHASA 101 HeGOIbHIMM ¥rIOM. JIeKTPOIn MOJETH MOMEU[alOTCA B HAK-
JOHHYIO BaHHY TaK, KaK 3TO (OKA3aHO Ha pucyHre. OCb CHCTEMW CoBnajaer
¢ peOpon NOIYYHMBLIETOCA XHIAKOro KAHHA H, KaK Jerko NoHATb, 06e CTeHKH —
rpanua BO3IyX—3.1eKTPOTHT U AHO BAHHAI—IEKAT B MEPHANAHHLIX NI0cKOCTAR. Ha
puc. 22 B 23 NOKa3aHO H3MepeHHE Noad B CHCTeMe [JBYX KOAKCHANLALIX UHIHH-
1pOB PA3HLIX PAIHYCOB.

MeTod HaKIOHHOWR BaHHM MNOAXYNMaeT CBORH UCKIWYATEIbHOR HPOCTOTOH,
no o Medee Toved, Tax kak B6ausM pebpa xamna (2 3TO CaMas Ba¥Ham yacib
11014, TaK Kak peSpo COBMNAAAET € OCbI0 CHCTEMH) BO3MOMHLI HCK2WEHHA TO-
BCPAHOCTH MHMAKOCTH H3-32 NOBEPXHOCTHOIO HaTAMEHHA,

Puc, 24, O6inBH BHA 9ACKTPOIRTHUCCKOHR BABHLL

I— rayGoxan manga; 2— weikaR BAHHA, KOTODAd NOMET OLITL HENOAR30BRHS
B KauccTBe HaxAonMall pawue;; 3— ycrpoficrno 114 OTCIeT2 HOAOKEHHR 30HA2
H 30HA,

Ha prc. 24 MOXHO BHACTL YCTAHOBKY € JBYMA BaHHAMHW — F1ySokoii B
MeaKkofl (HAKAOHHOH) — ¢ OZHMM O0lUHM MeXaHH3IMOM [OepeMelleHHAa 30Haa H
obwprMy upnGopaMp K nutanueM, [Jertaae#t paboval ¢ 9NeKTPOAHTHYECKOR BaH-
ROl (BHOOP 3JEXTPOJHTZ U MaTepHala 3NeKTPOIOB, TEXHHKH NPOH3BOACIBA H3Me-
PeHHA M T. M) Mb 3feCh HE MO¥eM KacaTeCd, (OTMETHM TOGIbKO, 4YI0 METO]
MK TPOSHUTHUECKOR BaHHW cefitac OYeHbL XOpomo PpaspaboTaH M CYWECTBYIOT
YCTaHOBLEH, TI€ BOTYYeHHEe IKBHUNOTEHNHAJNbHHX JAHHHHA 3BTOMaTH3MPOBAHO M Tpe-
Gyer HefOabLWIOH 3aTPATH . BPEMEHH.

boaewoe snauenne umeer MeTOo SHCHEPUMEHTAAbHOIC OHpPENETEHHA [tOTXeH
C YUeTOM HPOCTPAHCTBEHROIC 3apsaxa, Tak Kak B ITOM CAYuUae TeopeTHYecKuh
pacyeT ouTH BCEraa OKAa3oiB3eTCH BEBO3MOXEHWM. B. C, JIYKOIIKOB BHAOH3MEHHA
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METON SJeKTPOAUTHUECHOR BaHHW NPHMEHHTENBHO K WIMEPEHHIO MONEH B (OpW-
60pax ¢ 3JAeKTPOHHNM NPOCTPAHCTBEHBHM 3apAAOM. YKaWeEM 31eCh TOIbKO HALIK
MeTONA: UPOCTPAHCTBEHBHHA 3apsall 03HAUaeT [OABIEHHE HCIOYHHKOB Bexktopa E,
pPacCesHHBIX B HCCAEAYEeMOH NMAOCKOCTH AKCHAALHOCHMMEIPHYHOTO KAHM MIOCKOIrO
noasa, Ha mopesw MM NoMXHN  COOTBETCTBOBAaTb WCTOUHHKH BekTopa J, T. e,
TOYKH BXOZa M BHIONA Toka. Takum oOpa3oM, HaOpAXeEHHE K BaHHE HOMKHO
MOXBOAMTLCA HE TOIHKO Wepe3 3JMeKTpolbl, HO H UYepe3 OTAeNbHLIE TOUKM, pac-
ceAHnnle Mexny HPMn, [lonoxenne sTHX Touek M NMOABOAMMEE K HHM TOKA Nol-
GHPAIOT NYTEM AOCAENOBATEALHWX UPHONHXEHH,

§ B. dneKTpocTaTuUeCKHe 3SJAEKTPOHHbLIE JHH3B W 3epKaja

1. YactHpii cayuali (POKYCUpoBKW B aAKCHAHBHOCHMMETPHIHOM
3MEKTPAUECKOM Tioge. PaananbHas CoOCTaBASIOMIAA BCAKOFO AKCHaNbHO-
CHMMETPUUHOrO NOJAs BOAK3N OCH NPONOPILAOHAABHE PACCTOAHHIO OT HCe
¥ npubALKEHHO paBHA

r
E, =3 ", (5.1)
CnepoBatensHo, M CHA3, AEACTBYIOIIAS HA 3aPKKEHRYI0 4YacTALy,

nUHEHHO MeydeTca € paccrosHueM or ocH. OTciona crenyer, 4TO aKcu-
aNbHOCHMMETPHUYHKNE 10 CNOCOGHW CBOAHTL B QAHY TOYKY-H3o0pa-

aj ‘,‘ -:'ﬁllf- ar
it
s ¢ g o2 s
Z 1 Z Z
I
f——————— 9 ———-——i—-q-—.—-c——l-—a-» g ————]
pecld H ~‘ g3l
T
I .
. RVA 2
:—-—'h—*—-‘l_
i
U< by

Prc. 25, @ — Kk nNoOKa3areabCcTBY (QOKFCHPOBKH SICKTPOH-

ANMX Jyucll B aKCHARLHOCHMMETPUYHOM 1oJe; O-— peann-

3auMs CoOHpaloera AKCHaALHOCHMMETPHYHOIO MOag ¢ 110+
MOILIC AHadparMul H ABYX CETOK.

XEHWE TapakCransHme (T. €. HAymMe BOAU3M OCH H TIOA MaAbIMH K Hel
YrAaMH) SACKTDOHHHE Jy4d, BHMCHIHHE H3 OIHOR TOUYKK-00beKkTa. [lo-
K&XKEM 3TO CHavala Ha YaCcTHOM mnpuMepe.

IMycTe meway DBYyMA naOCKOCTAMEB 2, H 2Zp (puc. 23, a) zelicteyer
3KCHAALHOCHMMETPHYHOE TONE W NPHTOM TaKOE, 4TO CuAd, AeHCTBylOwas
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§ 5 SNEXTPOCTATHUECKHE SJEKTPOHHME JHH3M H 3EPKAJAA a1

H1 EKTPOH, MOBCIOAY HanpaBieHa X ock (F,<0). las atoro HyxHo,
gTo6e Be3ae O6nA0 E, >0, uan no dopmyae (5.1) ©" 0. Ha paccro-
g p OT O01acTH, 3aHATOR noaeM, GOJBIIOM CPaBHHUTEALHO ¢ PaccTON-
HHEM |2; — Zp| HAXOAMTCA TOYKA § — UCTOUHMK 3JEKTPOHOB CO CKOPO-

et V=V 2qU,. Ycaosne |p|> |2, — 23| nossoaser cuutats p Be-
nHYNHOH, OMpEAeNcHHON NOCTATOYHO TOUHO. DAEKTPOHHHE 1yY, BHIIE-
mui ¥3 S 00A yraoM @ K,OCR 2z, MPOXOAA Uepes NOJAe, MIMEHUT CHOE
Hanpagacuue (cM. § 3) ua yroa

e Try=F(2)r, . (5.2)

3nech {g=|2z;-— 23| u F(2) we 3aeucur ot r. Popmyaa (5.2) sepra
ans Hedoabmux yraos. Ilycte noae E, HacTOMBKO CHABHO, YTO &g > &,
Toraa nocae NPOXOKNEHHA uepe3 HEro JAyd onaTh TIepeceverT OCh, CKAXEM,
B Touke S'. U3 pucymHka, €cin MPEANONOKUTLE BCE VIJIH MAaJBIMH B CYH-
1aTh OTpesky Baes0 oOT (AB) OTPANATEAbHBIMH, @ BOPABO MOJOHKHIEND-
HBIMH, BHAHO, UTO

g bg— Fo e L 1Y
=T yTi= T T
Cpasnuas 003 BHPa.xeHHA 1as og , TMOAYUHM:
1, 1 I
— — -+~ =F(2)=const = —. 9.3
p'q (2) =T (5:3)

Tar Kak B OKOHYATCABHOC BHIPAWCHUE 7 HE BXOAWT, TO 3TO 3HAUMT,
YTp BCE  JyYH, RBLHXDIALWIHE H3 S TMOA ManWMH yraama (napaxcu-
ancHHe Ayum), cxoaatca B S — uzobpawenud S. dopuyaa (5.3) cosna-
naer ¢ ontadeckoft GopMynofi ToHKoR aunsw. OO01acts noaa Mexay
IJIOCKOCTSMU 2, H 24, rae ©” 34 0, MOXHO N0ITOMY HA3BATh 3JEKTPOHHOMH
(3aekTpocTatiuecKoll) munr3of, a f—ee GOKycHuM paccrosHueM. He-
TPYaHO On0 OH CAENaTh MOCTPOEHHE KW ANN Caydas MHAMOro u3o0paxe-
Hus, T. €, AI% pacCeHBalomero aan ¢aabo cobupamomero moad.

Ho BO3MOXKHO 51 pedan3oBaTh TakoEe YCTPOHCTBO, 4TOOR Ha BCeM
NPOTAKEHHH JUH3K NoJAe OHIO TOABKO CODMpAIOLIUYM HAH TOABKO pac-
ceupaoum? Ha puc. 25, 6 wn3obpaxeHo none Mewily ABYMA 3KPaHH-
PYIOUIMMH CETKaMH H3 TOHKOM mnpoBOMOKH H AHadparMofi C KPyranm
oreepcrueM. Ilpn ycaosun U, > U, (kak na pac. 25, 6) none mesze
cobupawmee, a ecan 3ty Up< Uy, T0 mnoae Bpeane pacceusaioulee,
Ho storo ynaercs noGwTeCi TOMBKO C© MOMOILLI0 CETOK, KOTOpHE He-
KE/NaTeAbHEl B 3ACKTPOHHOONTHYECKUX YCTPOUCTRAX.

Ecan zameHuTs ceTkn adadparmMami, TO, Kak [OKasupeaer puc. 26,
B ndH3e, Kpome cobuparowest ob6aacru wbansu cpeaHel auadparumu, no-
ABATCA JBE paccenpaoinue o6nacTH OKONO KpaWsWx auappars. Hemuoro
NMO3KE MLl ZOKAaXKeM, 4To B uTore coOHpawoulee neicreue Oyner npeod-
NaxaTth, HO KAYECTREHHO 3TO MOXNO Cpa3y YCMOTPeTh U3 TOrQ, 4TO CO-
Gvpaoman 061acTh ASKHUT BGAMZH INEKTPOAa ¢ HUSWIHM NOTEHLUANOM
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Uy < U, D1y obaacth 3aeKTPOHW NPOXOAAT MEAIEHHEE, OCTAIOTCR B Hofl
NOMbLIe, B TO3TOMY COOMpatomee AcHCTBHE B LEHTDPE AHH3BI OKa3blBAETCH
3hHEKTUBHES, YEN PaCCEHBAWIIEE ACHCTBUC Ha BXOJAE H BHIXOAC JHH3H,
Honoxenne 0OCTAETCA TAKHM K€ JUIS BCEX 3IAEKTPOHHBIX JHHA, COCTOAUINX
us ABYX HaH §0/1ee INEKTPOIOB.

KoxeuHo, npucytcrene ofnacTelt pacceHBAHHR B JHUH3aX CHALHO YMEHb-
IHACT HX ONTHYECKYIO CHAY K NPHXOAMICA NpHMeHats ropasio Ooabline
Hanpswerus (U, — U)), uem B nunsax ¢ cerkamn®),

v > b < Us

Puc. 26, Waaocrpanus HEBO3MOMHOCTH HMETH TOALKO CO-
Gupaouiee HIH TOABKO pPaCCeHBAIONICe AKCHAIbHOCHMME-
TpHUuHOE neae 6e3 noMOomM CeTOMHBIX 3NEKTPONOB.

KoWuoHeBTa HANDEMEHHOCTH NOXA £, HMERT Pa3sy4Eble HADPABIEHHI
OK0J40 BHYTpeHKHEN Auathparmhl H OKOA0 BHCWHUK AHadparm,

DAeKTPOCTATAYECKAR JAWH32 OCTaHeTcs cobuparounel B a8 00JGKH-
TENBHEX MOHHWX AYy4YeR: HAs HOHHBIX ayuelt oOaactu cobupanns u pac-
CeHBAHMA MEHRIOTCS MECTaMH, HO OJHOBPEMEHHOD MCHAITCH MECTaMH H
obaactu GOJABIWIOH WM ManoH CKOpPOCIHW; Hanpumep, AA8 JWH3H pHC. 26
o6nacre pacceuBanus H 0OAbWIOK CKOPOCTK OYAET fOCEpPeLUHe JHH3H,
a Ase o6nactd COOHPaHHA H ManoBR CKOPOCTH — NO KpasM.

2. YpasHeHHe 31eKTPOHHBIX ayueil. OOmas TeopHA POKYCHPYIO-
mero JAEACTBHR aAKCHAJLHOCHMMETPHMYHOTO mnoJd. Boiue OwnAo pazol-
paHo Qokycupyowee nelcTBHE TOHKHX 3AEKTPOCTATHYECKWX AuH3. Teneps
HY®HO [OKa3aTh, 4YTO BCAKOE aKCHANbROCHMMETDHYHOE 3JIEKTPUYECKOS
nose QOKYCHPYET 3AEKTPOHHHE Ayud. Jna STOro HyHO npexae Bcero
BLIBCCTH VPaBHEHHE TPACKTOPUR INEKTPOHOB, YDABHEHHA IABHMEHHA A14
MapakcHa bHEIX SACKTPOHOB NOAYYATCH, €cAH B QopMmyaax maa £, u

#) Jlun3n, B KOTOpHX cpeanas awadparma (cp. pHC. 26) 3amcHeHa ceTKO,
NPUMEHAOTCA NpH QoxycupoBke 4acTH Goxbmoll sHeprud. [aa nonyueHHs 3a-
JAMHOH OUTHYECKOH CHJIn NA# TakoH 2MH3W TpeSyeTCA NpHMepHO B 4ecATh pas
medbiiee Hanpamenne (U, — U/)), vem ama aBush U3 Tpex aMahpars, uzobpa-
#HeHHOH Ha puc. 26, B 3aBUCHMOCTH OT 3naka Hanpamedds (U, -— U,;) ofaacru
10 ofe CTOPOHH OT CEPeRHHH CETKH MOTrYT OwWTb “IH CoOHpawuiHMB HIH pac-
CEHBaKILINMHK,



& 3] 3NEHTPOCTATHYECKHME 3JEKTPOHHBIE JHH3W W 3EPKANA 93

E, (§ 4) orépocuth BeaMunHbl, coaepxaue 7, r®, ... O6o3navaa Toy-’
Kasil MPOM3BOIHNE 00 [ W WITPAXAMM MNPOU3BOAHLIE MO0 2, 3aNHLEM
VPAaBHEHHA ABHKEHHA 8 Buie )/

3 er A
mr=—eE,=—§lI”’, !
) ' (5.4)
mz —ed, )
UckawouuM u3 (5.4) BpexMa, BOCNO1L30BABINACLE COOTHOMIEHUAMU!
F Fe—Fi _F 7
r'==—; ri=-— =5n—"r 3 |
2 23 z F4 _
. i (5.5)
m#®
e — |
. 2 )

[Tocaeavee W3 pasencts (5.0) chexyer H3 yCAOBHA [1apAKCHATABHOCTH
3JEKTPOHOB M O3HAYaeT, UTO PaiHadbHas#s COCTaBMIOWAN CKODOCTH 3JeK-
TPOHOB MHOrQ Metiblie ocesofl. OHO CHpaBefAnBO UDH  YCJAOBHH, UTO
B touke, rae P=—=0, CKOPOCTb SJEKTPOHOB OYCHb MaJa.

VMHOXAM BTOpOE u3 ypaphenuft (5.4) Ha r’ ¢ BbUTEM H3 UEPBOro:

y -
m(F —i)=—e GO -], (5.6)
T ¢
e 2
Or1cioga, Tax Kaxk = = oFt,
PoEr
2T T 4 ¢ 20 *
H/IH
v i ry € "
fT:?-‘T)?' f;@}f: . (5.7)

I10 auddepeHUnaNLHOE YPABHEHHE TPAEKTODUH 3JE€KTPOHOB, Npoderaw-
wHX BOAH3A OCH MO MAARIMH K Hel yraawu. Ero HasmBaoT ypasHeHHMem
MAapakCHAABHRIX 3JACKTPOHHHX ayued. OTHOCHTEILHO ypasdeHud (5.7) naso
clenats CASIYIOIME 3AMEUAHUN.

Ypasneune (3.7) He COZCPHMT yHAe/NbHOrO 3apaja Y—e/m, TaK uToO
DJEKTPOHH W HWOHBl HE3ABUCHMO OT WX MacChH M 3HAKa CAEAYIOT 110 OaH-
HAKOBBIM {I¥YTAM, XOTA CKODOCTY K BpeMEHa NpOOeFa Yy HMY, KOBEYHo,
pasnne, -

Ecnu B3MEHUTb HANPAMEHHE BCeX 3JeKTpodoB B K pa3s, He wedsin ux
TeoMeTpyi, TO B KaXJIOH TOUKE OCH MOTEHIMaA W3MEHUTCA Takke B K pas,
T. . B ypasuenun (5.7) Haao samenurs O, &', " uepes K0, KO', K" %),

*) Pacnpengegedde noTeHuHala OJHO3HAYHO onpeaedascTca ypasHeuneM Jlan-
nNaca ¥ rpaHdYHEMU YCI0BKAMA. [TveTh Ha BCeX NPOBOAHHKAX, CO3NalWKX mone,
FIOTEHNMANK HIMEHEHH NpouopUuoHaivHo, T. e co 3ravennit U/, Uy, U, ... coo1-
BeTcTBeHHo Ha KU,, KU,, KU,, ... [logaxey, N0Ib3YACh PACCYHICHHEM OT UpPO-
THBHOrQ, 4TC TOLAA B KA OH TOYKE OJIR MOTEHUEHAI H3MCHHICH CO 3HaveHus U
Ha KU. [lycrs HoBbi# woTernuas Ovaet V, ortawwauit or KU, #o #Ha rpauvuax
(Ha pPpUBOIHHKAX) C Hum coBmajalomui, T. e, V,=KU,;, Ve=KU3. B cuay nu-
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Ho ypasuenue (5.7) oanopoano oTHocuTenbho © W €ro Npou3BOAHMX H
NO3TOMY He u3MeHuTCcd NpH Takofi 3amene., TpaexTopnd 34€KTpoHOB, a
3HAUHT, W ONTHYECKWE CBOHCTBA JWH3 3ABUCAT TOMRKO OT OTHOUICHKR
HafpsokeHuH, a He OT dX al0COMTHBX 3HaweHdN, W MOKHO, HAnpuMeD,
noNaBarTh Ha YCTPOHCTBO He NOCTOAHHHE, A NepeMeHHbie CdRdasHHe Ha-
upaxkesns. ITO BEpPHO, BHPOUEM, TO/BKO A8 MEAJEHHHIX 3SJEKTPOHOB,
K KOTOPWM OTHOCHTCS ypasHeune (5.7).

Haxoneu, uz aunetnoctu ypasuenua (5.7) caeayer, uTO NAPAKCHATb-
HHE SJCKTPOHHBIE Jiyun 00PA3yIOT HEUCKAXKEHHble H300pakeHUa. Y pasBHe-
HHe (7.3) — 2-ro mopAnKa OTHOCHTEABHO F, ¥ ero ofulee peutenue r(2)
€CTb AuHeHHat koMOunauHa ABYX MI0OKX YaCTHRX pewehuit 1 (2Z) u ry(2):

r(2)=Cyr, (2) 4 Cire (2). (5.8)

Ha {5.8) caeayer, uto mobtoik ayw r(2) MOKHO NOCTPOUTH C MOMOIIBIO
asyx apyrax ayueit r(2) w ry(z). Ilocrosuuse C; u C; 3asucsr ot
BHOOPa UCXOAHEIX ayuelt ry B /y HO MOKHO Jyun BHOpats Tak, uro
uw C, Oyayr nameth fpoCcTOH reoMeTpuueckuét cMuIC.

W3 Teopun anddepeHuHaNbHBIX YpaBHEHuH H3BECTHO, UTO YaCTHHM
PELIEHUAM 7y ¥ fp M HX NICPBLIM [IPOU3BOAHKHM MGKHO 3a0athk As Moboro
BHIUEHHS] 2, HANPUMED Z == ¢, NPOH3BOJALHHE 3ZHaueuus. Bulbepem ux cae-
aywouluM 00pasom:

n@=0 ri@==1,;

re(@)=1 ria = Q. (5.9)

HacTHeM pewieHuaM £y (2) W ry(2) COOTBEICTRYIOT IBA Ay4a, UMSIOLIHX
BooBule KpuBoaMHeHHylo Qopmy (puc. 27). Mo Oyaem cuMTath, 4TO OHH
ABAKIOTCH NIOCKMMHA KPUBLIMH, ASKAUIMUA B MCPHAMAHHOR MJIOCKOCTH. ITO
PAaBHOCHABHO  OPEANONONKEHHIO, HYTO HauyalbHad CKOPOCTb S/EKTPOHOB
JCKHUT B MEPHAWAHHOH OXOCKOCTH.

[Toncrasnas suGpanune suadeumns ry{a), 7;(a). ru(@), ry(a) B dop-
myanl pag r(2) a r'(2), noayuum:

Co=r(a), C,=r'(a).

Cy u C, onpeneasorcd, 1akHM o0pa3om, paccTosHueM ayda r(2) ot ocH
® ero HakioHOM mpu z=—g. Qopmyna (5.8) npusumaer Bsux

rig)=r@n )+ r@r (). (5.10)
IMycte touka A B nAockoctw z=a —uctoyunk aysel. Torma nas

nefiHocTH ypaBHeHusa Jlanaaca (KU — V) 6yaer ero pewtenweM, Tak Xak KU #
V B otneanrHOCTH emv viorieTsopsawnt. [loge, nmeomee notenudaa (KU — V),
MOMHO Ha38aTh PAZHOCTHHWM noieM. Ha fipoBOJHUKAX Pa3HOCTHOMY MOJK COOT-
gercTBYIOT noteHumainl: (KU; — V)=0, (KU.— V3)=0,..., 1. e. paznoCTHoe
noJe OTCYTCTBYET, TaK KAK HM Ha OJHOM M3 NPoBONHAKOB 3apaga Hetr. Orcioia
caenyet, 4ro reage V=XK{ u utg UDH - NPOTOPNUOHANLHOM HIMEHEHUM ([OTECH-
uHasoB 3MekTpodos B K paz 8 mo0oH Touke HOTEHIMAA TAaKMKE HIMEHUTCH
8 K pas.
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KA:XAOFO Jyya, BHxoasumero w3 A, seamunnsl r{a) v r'(@) 3ananm
(puc. 27). BosbMeM naockocts z==5, pnna xoropoll ry (b}=0. Touka §",
rae Ays ry{2) nepecexaer ocbh, ABAfETCH H3oGpakennem toukn S. B cavowm
neae, MmobGoll ayu, sexopsawu# w3 8, coraacho (5.10), 6yaer npeacras/ieH

[popady:loﬂ

STEKTPOCTATHUECKHNE 3MEKTPOHHME JAHH3E W 3EPKANA 55)

rs(z)=rs(a)r,(2),

rae rs(@) onperensercs €ro HaKMOHOM K ocH & Touke S, B Touke §
uveeM 75(2),.p =rs(0)=0 nesasncamo or 3HaueHHa rs(@), Tak Kak
r (b)=0.

[MToxkaweMm, 4To u3o6paweHHe MpoussoieHoll A, newauefi B NAOCKOCTH

zZ==a BHe OCH, OyJeT nexaTb B NJIOCKOCTH Z==h, T. € uTd 3Ta
2=a ¢/ Z=p
!J t.ga“c’ ,)‘
/I x, Ta f/
AT TN
A Sl
f VN
e TSt N
} T "\.\Fi’-\r\- ™ . —
ST~ N . 5’ vz
N P
AN ra(b)
" B
Puc. 27,

NAOCKOCTh €CTh TAOCKOCTh udobpamenus. HMa (5.10), Taxk xax r (§)=0,
cagayer aas ayda, smxoasmero H3 A: ra{b)y=ra(a)ry(b), 1. c.

rab
rA( ) — 1, (D).
Alg)
ra{b) ve 3aBucuT OT r3 (@), a 3TO 3HAUMT, YTO BCE AYYH, BHMXOASIHE
u3 Toukd A, HE3aBUCHMO OT WX HampasjeHns B Touke A coHayrcs
B touke A’ ¢ KoopanHaTaMH 2 ==, r=r4(b). Uunvn croBamu, Touka A’
ecte uzobpaxenne A; r3(b), Kak caexyer w3 (5.11), pasHO nuHeHHOMY
yreaudenuo  aun3nl. OnO O0AHHAKOBO 1719 BCEX TOUeK OOBEKTa BHE
ocr, Orcrona caeayer, 4T0 H300pa)Kenwe B MAPAKCHAJbHHIX JyuaX HE
HCKaKEHO.
Me npeanonarasq, 9Te HAUANBHHE CKOPOCTM 3JEKTPOHOB JI€KAT
B MeDUIuaHHON mAOCKOCTA. MOXHO TNOKasaTh, YyTO 3TO NPeRNONOKEeHHe
RE OGA33TEABHO H YTO BLE NAPAKCHANLHBIC JIYMH, BHIXOLRINE H3 TOUKH A,
HE3ABACHMO OT HX HAUAJBHOrO HANPABACHHR TEPECEKANOTCH B Touke A,
newauted B oaHOH C TOMKOA A MepHAMaHHOH nAOCKOCTH, Tak u4To A

(8.11)
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ABAAETCH TOYKOH CXOKNEHHA Ayuyel, 3aNOMHAIMUX HEKOTOphH TeénecHuH
yron ¢ sepmuaofi B touke A.

Taxkum 006pa30M, BCAKOE aKCHANBHOCHMMETPHYHOE 3JEKTPHYECKOE noae
(pOKyCHpPYET 3SAEKTPOHHLIE Jyud H, CACAOBATEJABHO, Npeacraeaser CoGoft
NEKTPOHHYH Mun3y. OOnYHO AHHROK Ha3HBAIOT HE TOALKO NOJE, HO #
CHCTeMY 3JIEKTPOAOB, € KOTODPOR QHO CBA3AHO.

Hame#t Onuxabimed sagavedt apagerca HaxoxaeHue coocola nocTpoe-
Hig W300paxednlt B 3JeKTPOHHHX NHH33X, no3Boasouery oOoiTach 06e3
NOCTPOCHHS 3ACKTPOHHBIX TPAEKTOPHH KaxAsld pas 3aHoRO. JTOT cnocol
BNOAHE cXOoneH c¢o cnocofom MoCTpoeHuii u300paXKeHHR B reoMeTpuue-
CKOH OfTHKEe, HEKOTOPLIE CBEACHUA U3 KOTOpPOH MOJEIHO HANOMHHTH.

3. ocTpoenne u30Gpamenyil B reomeTpuuecKoil ontuxke. Ha puc, 28
NpeicTaBNeHO XOPOUIO M3BECTHOE NOCTPOEHUE H300paweHns B TOACTOH

5 e = = - -
# H, H, £ _Ir_
N ig
/ ~
<, R . . — .

Prc. 28, llocTpoenHe uzoGpaxenusa B TOJICTON ONTHUECKOi THH3e,

ontHueckol aunze. [ag nocrpoeHus M306pakeHHs HYAKHO 3HATL NOAO-
KECHHE YETHDEX KaDAWHAABLHRIX TOYEK, a HMEHHO! JBYX TJaBHHX (POKY-
coB Fy, Fy, n nsyx rnasuux Touek ffy, Hy¥*). Ionoxkenne wernipex xap-
IMHANBHEIX TOUEK OMpene seT XOA ABYX JyueH, BuIXOZRUAX U3 TOuku §
BHE JIMH3K, H, KaK BHJIHO W3 DHCYHKa, onpereaseT naobpaxenue S- B npe-
aene g TOHKOM JUH3H rhaasHme ToykH f; n M, compaotca B oany —
ueHTp nuussl C, U 14 NOCTPOEHHs w3olpaweHnit OKasbiBAETCA AOCTATOY-
HHM 3HAHHA TOALKO Tpex Touek Fy, Fs w C. Jlas TonkoH anusw s cay-
Yae Pa3HLiXx NOKa3arened npenoMAcHHs HO 06e CTOPOHH OT JMUH3H MOKHO
HaNHCaTh:

fo 4 fs
- "_'Ilg . ?
5 T2 (3.12)

*) ¥V RHH3E HIM CHCTEMBl RMH3 WMMEITCA elle fAne KAPIMHANLHLIE TOUYKH,
TAK Ha3uBaeMule y310Bule, HaM He npunerca B Ranspedutem rosopute o6 yaao-
BHIX TOYKaX.
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npuueM .
fi y
o=
Ecan #y—=~Hy, 10 — fy=F,—F, u dopuyaa nuussl, ecan Moab3oLaThCa
OBHIUELIM B ONTHKE NPABMAOM 3HAKOR, T, €. CUMTaTh QTPEAKH OTIOKEH-
HWE BJAEBO OT JIHH3bl, OTPHIATENLHLIMHA, a BOPABO — NIOJIOXKHTE/AbHEIMH,

NPpRHUMAET BRI
1 1 1 =

dopmyna (5.12) ocraercs BEpHOR W 1A4 TOJACTOH JHH3WI ¢ TOH TOMLKO
pasHuued, 4To OTpeskd [y, fs P, ¢ HYXKHO OTCUATHBATH HE OT OIHOHN
TOUKH, a4 OT nepeoil U BTOpofl TJAaBHBIX Touek Ffy, w M, (puc. 28).

He Toapko aast OZHOR TOACTOH JIMH3L, HO W A0 WEHTDAPOBAHHO#H
CHCTEMH JHUH3 MOXHO YKa3aTb KapAWHAABHBIC TOYKH, NO3BOJAWLIHE COBEp-
HICHIID TaK e, KaK Anst OJHOR JUH3H, HaHTH XGX ayued BHE CHCTEMBI A
NOCTPOHTL U300PAXEHHE, HE HCCNSAYR X013 AyyeR BHYTPHM CHCTEMBEL

{Todoxkenne KapadHaAbHBX TOUEK MOKHO HARTH KAK NOCTDPOCHHEM,
3Had NOJOKEHME KAPIUHAABHBIX TOUEK BCEX JHH3 CHCTEMbl, TaK W ONbIT-
nev nyrem. Ilycrs, Hanpumep, AB » CD — kpaiinue npenoMasouiue
NOBEPXHOCTH cucTeMn nauH3 (puc. 29). Hanpasum caesa Hanpaso Ha

Puc. 29. OnpeaefeHme KapaHHaAbHHX TOUEK TOICTOH ONTHYECKON THH3W
€ fUMOLLBLIO ABYX TPOTHBGIIQIOKHO HaUDP2BJEHHWX lAapallelbHO
OCH Tydef,

TTOBepPXHOCTe AB ay4, NapasienbHe OCH CHCTEMEL, H [TPOCASIUM €ro Xoj
N0 BHIXOAE U3 CHACTeMbl. TOuKa nEpeceveHHs ay4ya C OChI0 JACT 3aAHMA
raasupt poryc Fip a nA0OCKoCTh, NPOBEAECHHAS NEPHEHAMKYIPHO K OCH
uepes TOuUKY nepecevenna aysed SE m KF,y (BTopas raaeHas 10CKOCT),
JJ€T B NEPECEYEHMH C OCHLIO BTOPYW TaaBnyw T0uky Ff;. CosepmenHo
Tak xe ¢ NOMOLIbIO BTOPOro Jayua PN, najalomero Ha NuH3y napamnenbio
OCH CNPaBa HaJ€BO, MW HalaeM nepeanufl raasuuil ¢oxyc Fy n nepsvio
r1asuylo TOuKy fy, )



58 ABWKEHHE 3APSKEHHKYX YACTHIL B SAEKTPHY. B Marn. noasay {ra. 1

3aMeTuM, YTO rNdBHLIS TOUKH CUCTEMb JIMH3 MOTYT OHTh nepecrae-
AeHH, W TOrga Touka My newur wa ocu Jaesee Touxku f,. Taxoe nono-
KEeHue HuMeer Mecro, wanpumep, b okyaspe [wodrenca |J1. A. 2, 1. I,
§ 301]. Ouperenus SKCNEPUMEHTANbHO BHE CHCTEMH JIMH3 XOA YKa3aHHHX
BHIUEC ABYX AyueH, MOXKHO HallTH BCe YETHIPE HYMKHBEC AJA NOCTPOEHHA
. H306pakKEeHRss KapoNHAABHBIE TOUKH.

4. Teopns TOHKHX SJEKTPOCTATHYECKHX JHHI. NEKTPOCTATHYECKHE
3JEKTPOHHEE JAMH3M HeOOJABHIOH OITHYECKOM CHAK B HEKOTOPHIX CAyuanx
¢ IOOCTAaTOYHOHW TOYHOCTLIO MOQKHO CuMTaTh TOHKHMH. Hetpymio aas storo
¢cayuas HahTd cnocof BmuuCacHus (OKYCHBIX PaCCTOAHHA.

Ypasuenue (5.7} MOWHO TIPEICTaBuTh B BHAS

(I]H

%[V’Eﬁ r’}z—4 =T (5.14)

MycTe auu3a, T. e, Ta wacte mnpocrpancrea, rie O" £ 0, 3axawouena
MENAY NIOCKOCTAMK 2y B 23 (puc. 30); AB — «T1oawpnnay» mnnsw, Ecan

2 z

| |}
\.+ ’F,-'
|
i
|
I
|
|

S y
- p

Q—-———h-

— 1..._... -‘_E;’

= 7z
S}‘
g<ld | g>d

Puc. 30. K BuwBoAy QOPMYAHN TORKOH 3MEKTPOCTAdTHYECKOA JHHIM.

AB wnoro menbiue {p | ¥ | g, T0 AMH3Y MOKHO CuMTaTh TOHKOH. OGLEKT §
B uzobpaxenne S newat BHe JHH3H, H AyuM MEwAy NHH30H u obewam
STUMU TOUKAMM [NPAMOJUHCHHB, BHYTDH JHMH3B JAYyUYH HCKPHBAAKOTCH, HO
TaK KaK JWK32 TOHK3, TO MOXHQ CUHTaTh, YTO HA NPOTAXKEHMHA JAUH3H
PACcCTOSHHE Jyu2 OT OCH HE MEHAETCH H OCTAETCH DPABHEM 7.

JlettcTBHE NMH3H, CNEA0BATE/BHO, CBOAWUTCR K H3MEHEHUIO Haupapae-
Hus ayda. Miaterpupys (5.14), monyqum: |

[Vﬁr’]ng = [V-E!"]z=zl _ S-Vr;:'-'tl d2= o 3{——— dz..

P13 pHCyHKa, COXPanad NpUHATOS AJ% ONTHUYCCKUX NHH3 [PABUAO 3HAKOB,
NOJIY YHM:

, — T, .
e == 25 Plemey=— .
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Cnea0BaTeNbHO,
Vo) _ VPG __ ) ‘I’“ -

WAA, fpPHAKUMAs BO BRUMAHHE, YTO anempoauoommecmun NoKa3aTendb
NPEJOM/ICHHA PaBeH KOPHIO KBAaapaTHoMy u3 notenmuaaa (§ 1)

ng; ﬂeg____ -
—__ﬁ-’_—l_-q_— 1 —dz, (5.16)

rae M.y W fl,g — NOKA3aTeNn HPEAOMJCHHA Cpean c¢AeBa M Cnpapa oT
aun3w, [lonaraa e (5.15) p=o00 BAM g=—coO, NOAyuUsM 418 0GouX
(POKYCHBIX pPacCTosHui:

73 <+ o0
i1 _fe, LIS
R AVaG) Ve e ) v
1 7 [y Ll i T " | (517)
_— == — = - d ,
) 4 V@(z,)}l 4YDE) J_ Vo *

TAK K&K MOXHO NpeAe/ibl MHTErpasa 2, # 23 3aMEHHIb HA — CO U - 0O
BBHAY TOTro, 4TO 3a upeaeaamu Judasl @' =0, B nekotopmx chyuasx
TaKan saMeHa yaobHa s BoluHCAeHui,

HUa (5.16) u (5.17) serko noayuuts (POpMyIAH, COBNANZIOLIHE € ONTH-
UECKUMH:

fofi_

L =y, (5.18)
fi R, Vb (z)
= __ ¥ 77 a.1
fe Rgy V(D(z,) (>.19)

Ecan notenuuan 1o ofGe CTOPOHB JIHH3L OAHH M TOT XK€, TO (OKYyCHHE
PacCTOSAHUA PABHH (10 HEJIUYHHE:

opmyaaM (5.17) moxHO npuaate UAGH -vua, Gonee ynoOWHH B HEKOTO-

pPHX cay4dadax gas pacveros. Jlag 3TOFO MPOHHTErpUpyeM N0  HacTaM

HHTErpaa M3 q)opmynu (8.17):
Z9

l _ (1)!1

Fu T Ay d)(zl,T 3 ve=

=+ V‘c;—(aj){[ﬁq)] 25@ dz} (5.20)

O6o3HaueHnss Tpefenos ®W  HWHAGKCH B (5.20) NMOHATHH  6€3
o6bacHesu#t. Ecan no ofe  CcTopodsl OT JAMHSW TOAN  HET M
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1D (&)<, = 1D (2));22,=0, 10 (5.20) npumer BHA

Zon
1 Pt

—_ ) -
e Bl . 21)
fIE Q g 3‘;2% (a
1 BV $(2...) 2 b

dopmyna (5.21) yaobuee, uem dopmyna (5.17), nas spuucienult, B xo-
TOPHX HCNOAL3YIOTCH IKCMEPUMEHTAABHBIC TAHHBIE OTHOCHTENLHO Dacrpe-
JeneHus MOTEHIKANA, TaK KaKk M3 ONbTa HENOCPeICTBEHHO [OAYYAEeTCA
®(2), a D'(2) n @’ (2) —wu3 O(2) rpaduuecknm nudepcHIUPOBARHEM.
flcno, uto npu 3TOoM 3Hauenne D' (2) Oyier Goxee TounmM, uem D7 (z).

Kpowme toro, u3 (5.21) BMIHO, 4TO BCE ANH3H, MO 00€ CTOPOHW OT
KOTODHX MmOJae OTCYTCTBYeT, ofq3zateapno cobupatomue. B camom mene,
HA BCEM NPOTAWEHHH JAun3aw notenmua’t @ >0, tax Kak wHaue 3IeK-
TpoHW BOQGUIE HE MOrau O uepe3 Hee INPOXOJHTh, H MW HMENH Ol
HE JIHH3Y, & 3¢pKano, # K3 (5.21) MOKHO 3aKJI0OUUTH, HTO f2> 0, a 310
3HAYHT, YTO AMH3A cobHpariLa,

b. HaxomaenHe xKapIWHAAbHBIX TOYEK TOACTHIX 3JEKTPOCTATHUE-
CKMX JHH3. EcaM nuH3y Heab3n CunTaTh TOHKOH, TO A8 NOCTPOEHWA
M306PAWEHNA HYXHO 3HATH MoJoKeHue GOKYCOB # raaBHulX Touex. Jlas
ITOFO, Kak ObIAO MOKA33aHO, AOCTATOYNO 3HATH XOA IBYX Ayuel BHe JWH3HL.
[TycTh 37€KTPHUSCKOE NOJE JHH3E ONPEALACHO PACHeTOoM HAH HIMEPEHO

Puc. 31. Onpencsesne KapIMHAIbHHI TOUEK IICKTPOCTATHUECRON THHIW
C TOMOUILID ABYX NPOTHBOINDIONMHO HAUPABAEHHBIX,

skenepumenTaapHo (§ 4) ® 3aAMMaeT WPOCTPAHCTBO MEWKLYy HOBEDXHO-
cramu MM,y o NyN, (puc. 31), 2 ayy ry, vnaywutt caepa wanpaso na-
panfeAbHo OCH, ONanaeT Ha MH3Y B TOUKY B. HUasectHo, caenosartensuo,
B KaKOM MECTE ¥ € KaKOH CKOPOCThIO BXOAAT B [10JI€ NUH3H SJACKTPOHL
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nyuya ry. Huaxe (§ 8) Oyayr onucanel MeTOOB, NO3BOJMIOIHE ¢ XOopomeh
TOUHOCTBIO HAXOAHTb TPAEKTOPHH IJEKTPOHOB B 3aRdHHOM INEKTPHUECKOM
noae. IlpyvmMenas KakoH-aufo0 U3 ITHX METOAOB, MOXHG HalTH TOYKY BH-
X014 3JEKTPOHOB ¥3 noas C U CKOPOCTh ¥X B MOMEHT BHXO0A3. JTHM
ONPEACASETCH HAUPABJIEHHE Jyyad JIOCAE TPOXOMIACHHUA uvepe3d  JHH3Y.
Otcoaa COBEPLIEHRO Tak e, Kak B ontuke (puc. 29), onpeaesercs
nosoxkeHue 3aanero ¢oxkyca fy v raasHolt naockoct M, Ananoruuno
myTeM TOCTPOEHHs BTOPOr0 Mapa’aienpHOro OCH Nyud 7y MOXKUO HaliTH
nepeaHufl dokyc F, ¥ raasHyio naockocts Hy). MomHO nokasats, 4TO
B 3ASKTPOCTETHYECKUMX JIHH3AX TAaBHLIE TOUKHW BCErJa NEPECTaBAEHN
[JT 1.4, ra. 5, J1 5.8, § 4.6]

KapanHanbHole TOUKH /JWH3B MOKHO ONPEISNNTbh NPAMBIM ONKITOM Ha
npubope, VCTpOHCTBO KOTOPOro u3oGpaxenHo Ha puC. 32, JIeKTpOHHas
nyuika (CE naer WHPOKHHE SJICKTPOHHHNA MYUOK, maparieNpHuil OocH mpu-
Oopa. duadparma, yCTpoeHHas TaK, KAax MOKA3aHO HA OTIEABHOM 4epTexe
BHH3Y PHC. 32, BHUIEAdeT U3 MYUKa OTAEJbHBE 3MEKTpoHHbe Ayud. C no-
MOLIbIO TIOABHXHOIO 3KpPaHa B MOXKHO 33KpuIBaTE uanM OGauskue K OCH

Puc. 32. [NpuGop s KCOCPUMEHTATLHOIO HCCACIOBAHMA SICKTPOHHHX TiTH3.

a — paspe3 npubopa; ¢ — YCTpOACTRC 9EpaHa B, nosscasomiero 3aKpeiBaTh #a AHappacue D
OTHERTUE, JAJEKD OTCTUAUIHE OT GCH, RIN OTBERPCTHR, 6Mi3NHe K ocu. DKpaH cHpenJeH ¢ Ryc-
KOM Hene3s, KOTOPHE MOKHO NepefiBHTaTh ¢ MOMOIUBD COJIEHOHAA.

OTBEPCTHS AHadparmel, UWin OTBEPCTNA, yHaleHune ot ocu. Ipubop, Takum
00pasoM, NOSBOJAAET HCCIEA0BATH XOA KaK fapPakCHAJbHEIX Ny4Yel, TiK M
He mapaKcHaieHmX Jyusel. [loche npejsomneHus B JmMH3E Ayud TonanawT
Ha MOKPHTHA moManodopom skpan 7, KOTOpHE, He Hapywmasd BaKyyMma,
MOAB0 NEpeMCulaTe B3aa M Bueped. Jlerke Bumerts, uTO, (PHKCHPYR
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MOAOWEHA CBETABIX MNATeH NPH ABYX MNONOXKEHUNX DKPAHA, MOKHO HalTw
HanpasdeHWe NPOIEANY Yepes »auH3y ayuelh. [as onpeneneHHs Xxona
AyueH, npoXOAALIMX u4epes APH3Y B OOPaTHOM Hanpas/J€HHn, NPHXOIHT-
cs B OBuIeM CAyYae HECHMMMeTpUuHOH JuH3N pasolpaTs npubop # TO-
BepHyTk A4H3Y Ha 180° 3To cnavHO OCI0KHAET IHKCMEPHMEHT, H 1NO3-
TOMY J0 CHX fl0p 3TUM METOAO0M OHJAH HCCACAOBAHH TOJABKO HEMHOTHE
JHH3K,

6. THNB 9NeKTPOHHEIX 3AEKTPOCTATHYECKHX AHH3. DJIEKTPOCTATHYE-
CKHE JHH3bL BYXOAAT B SAEKTPOBAKYYMHBE NpubOpH B KaueCcTBE WX AETa-
7elt, ¥ THN AHMH3H) H €€ KOHCTPYKHMuA BHOKPAIOTCA B COOTBETCTEUM
¢ MmecToM mnprMencuns. Buemunh BHA nHH3, ODMZ 2/IEKTPONOB H HX pa3-
MEpS! B pasJHyYHHX NpHOOpax HeChbMa PazHoO(GpA3HM, OAHAKO B OTHOIIEHHH
CTPYKTYPH 3JEKTPHUECKOr0o NOJAA YNOTPEOHTE/AbHEE H2 NPAKTUKE JIAH3M
MOXHO CBECTH K YETbPEM THNaM: JHH3H-AKaPPArMH, GHNOTEHUHAABHHE
AMH3IN, OAHHOUYHLIE NHH3E H 3JNEKTPOHHRHE HMMEPCHOHHLIE OOLEKTHBL,
MsH TIpHKarodHne auH3e, M3 Hux B HacTosuleM naparpage paccMarpu-
BalOTCA TPH nepeuX Tuna, IIpw Hayuendn nmmepcroHnoro o0beKTHBI —
CHCTEMH, B KOTOPYKO BXORMT MCNYCKaOWHA 3JeKTPOHLL KaTtoa, HEJw3s
OrPaHHUHBATHLCA NAPAKCHAALHRMHE 3JCKTPOHAMM, H OHa MO3TOMY DAaccMa-
TpHBaerca oTaeasHo (§ 33, 36).

A NTunss-avadparmu Jlunsa-nuadparma obpaayerca B oTRep-
CTHH MeTaANMYECKOrO 3KDaHa, pazfeasioulero Ase ofaacTd NPOCTPaHCT8a,
B KOTOPHY CYWECTIBYIT OIHGPOAHME NO0As pa3sHO#  HalpPAKEHHOCTH.
B uacTiomM cayyae no oAy CTOPOHY AHA(PParMm 00J4e MOXKET ObTh PABHO
Hyawo. JIWH3R auadparMbl 4acTo OOPasylOTCH OKOJAO BXOIHHX H BLIXOJ-
HHX OTBEDCTHH B 3aMKHYTHX KaMepax, BCTPeYaIoIUXCH B FJAEKTPOBAKYYM-
HBIX NPUOOPAX, 2 TaKWKEe B AYeHKAX CETOK 3JMeKTPOHHHX NaMil, U CHALHO
H3MEHAKY TP3EKTOPHH 3JEKTPOHOB. TEOPETHYECKOMY DPACUETY NOMLAWTCSR
Adn3bl-aradparMel ¢ KPYCABM  OTHEDCTHEM H  OCCBOR  CuMMbrpHed n
LUAJHHAPHYECKHE AUH3E-1WA(parMel ¢ OTBEPCTHEM B BHIE 1AW,

Paccmorpum cnepsa aunadparMy € Kpyranm otsepitheM. Hanpawenue
B OedTpe orrepcTHs no dopmyae (4.6) pasHo

O (0)=U;+ 7 (Ey — En). (5.22)

B cayvae #eGOAbIWIOr0 OTBEPCTHA B UEHTPE €O MOTEHUHAA TOJABKO
HEMHOTO OT/HY3eTCH OT norvexuuana auadparmu U, To ke camoe Gyrert
u Bo Bcell amnze (1. €. B ofnacru, rae ®” 3£ 0), kotopas B 5TOM Ciyuae
6yaeT HeseAHKa, TaK 4TO JAWH3Y MOXKHO CYHTaTh TOHKOH # B op-
myae (5.17) nox murerpaiom nosoxnts P =—=const=>=0U

Hs dopmyan (5.17)

Z

; = | Tede= g (0@ = TETTE) _BTh
Zy

FAFRE 7N L Ve 40, iU,
(5.23)
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[Tycts 0642CTH OJHOPOAHOTO 11018 N0 06e CTOpPOHN AHaPpparMm noay-
qaloTCA C NOMOWLLIO ABYX HAOCKMX TIacTMH ¢ notedunanamp U; w Upn
SACKTPONB HAYT CAeka Hanpaso (JAeBas MJIacTUMa — KaTos, puc. 33).
Ilonoxnm U, =0; Torsa mpoxkHo OblTb Ud 0 n Uy=0 ana voro,

y=0

4=0 Grd gl YD 40 Yl

ot Lt
I ;lg r(;;:; ] 4-‘; t‘-z .I
m” : ) } Zh {1\
S ) % A
1 7’ %
b f 1
| 1 |
X N 7] = }
Y ’/;E ¢ r’;? 1I
o | . \g
// | '? |
1 P P | =
al o/ ‘ 8

Puc. 33. Tpn cayuas npelomacHua B auH3e-gnadparMe.

4yTo0HN MOTENUMAaA Ha OCH (OpH CACAAYHOM NPeANOAOKEHHA O MAJIOCTH
oTsepCTUsl B JHH3Ee) He OWa Hurle orpuuarencd. PaccmotpuM cayuai
| Ey [<| Ea| (puc. 33, a), Ha KoTOPOM A TPOCTOTH MPHHATO, UTO &)=

—dy=—d, 410, KOHE4HoO, HecyulecTeenHo. ByaeM Mmenars noas £, u E,,
uamensn U, Tloka O<C U, < {7 (cm, rpadur suuay pnc. 33, @), ycao-
sue | By [<| E;| codmonaerca. [pa Uy=U umeem | E, | =} E;|, fa=c0,
# oxycupytomero aeictens net. lpu U, < U |E;|<|Ey], n Tark xax
E; <0, 10 f, >0, v nun3a cobwparouras, Ee onTuueckas cuaa ouenb Ghbl-
cTpo pacrer npH yMmeuvwenun {J,;, Tak 4yto npu Maawx suavenunx [
(hOKYC JEXUT NOYTH ¥ CaMOro oteepcTusa Anagparmu. Cheayer 3aMeTuTs,
yro topmyna (5.23) npu HeGoabmnux fy AeNaeTCH HEMPDHMEHUMOH, TaK Kak,
BO-NEPBHX, €CaM fy N0 BeanunHe NPHUGIHNMAEETCH K 7o TO JAKHIY YyXe
Hejlb39 CYHTAThL TOHKOf, M, BO-BTOpPHMYX, BTOpPOH uqaeH B opmyae (5,22)
nenaerca coumsmepumuiv ¢ {J/;, Tak 41O NOTEHUHAA HA OCH  OCTaeTCH
Be31€ MOAMKHTEAbHHM, AaKe NPH neboabwux oTpuuare/ishux U,

Ha npaktdke 4acTo UPHXOAATCA BCTPEYaTeCd €O  CJAyYaeM, KOraa
B0aU3M KaTOo4a HaXoAUTCH JAvadparda (310 4acTb NPUKATOAHOH JHH3W),
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HO OOLYHO OPH STOM KENaTEABHO CPa3y M€ CHALHO YCKOPATH 3ACKTPOHH,
AASL uere Ha AMaparMy NPAXOAMTCS NOAABaThL Goabluoe Hanpsxenue U,
fipn atom Uy, >U n VB ) >1E;|, v 1ak kak £, <70, 10 f5< 0, n
adu3a paccennawinas (puc. 33, ). Hatlpem ee olTHUECKYIO CUAY NIPH Pas-
Hax sHauendsx Uy, onats nonowus dy—=dy=d. Tpn U,=U, xax
6wa0 ywe ckasano, f,=oo, [Ipn U, =U; umeen £,=0; E,=—U,/d
n fa——4d. Ecu U Us, 10 Ey=— Uyl Ey= U‘i—;—% ~ [/ /d.

B 31oM nocaeaneM cayusae noas ¢ o0eMX CTrOpOH AKWH3W  NOUTH
OIMHAKOBH, HO HanpaBjAeHl B Pa3HBe CTOPOHH. JKBHNOTEHUHAJLHBIE
aanun OyayT nMeTb Ha ocH BOJIM3H UESHTPA OTBEPCTHA TOYKY camone-
pecevwenns (puc. 33, 8). Porycroe pacctodHue no dopmyae (3.23) pasuHo
fo=-—2d. '

CnenoBaTenbHo, HauMelbliice (QOKYCHOE PACCTOSIHHE, KOTOPOE MOMKHO
MoAyyefb s pacceuBaronel aunss-auadparMet, pasHo — 2d. [lydok
JEKTPOHHEX ayyel nocae auadparMel pacxoAuIcsd, v 0ObMHO NPBXOAUTCH
CTaBUTL HAa €ro nyTh eme OoAHy cobupawoilyo aundy, OTMETHM, 4TO
AUH33-AnadparMa — 3TO CIWHCTBEHHAR SJIEKTPOHHA JauH32 {e3  CEToK,
KOTOpas MOWeT OuiTh Kak cofupawouwiell, Tak u paccennawniel. Bee ocraip-
HBIE 3/JEKTPOHHBIE AWH3K COOUPAIOLLHE,

Ecan B cpesuem saektpome (puc. 33) BMECTC KPyracro OTBepCTHa
IPOPE3aTh YIKYIO LeAb, TO NONYHIETCH LHAUHADHYECKAN AMH3A-IuadparMa,
Xapaktep 3MeKTPHUYECKOTO TNOAR OCTACTCR TAKWM ke, KAK y adaparmul
oceBolt cuMMeTrpHH, HO ONTHYECKa® CWJ2 NPH NPOYMX PABHHX YCJAOBHAX
BABCoE GONBMIE QUTHUECKOA CHAN /IRHSH-AKAa(pparMe € KpPyraniM OTBep-
CTHEM, T. €. A UHAMHADPHUYLCKON AMH3bI-AKadiparMH

1 __E,—E,

£ 24
VBeTHUEHHE ONTUHECKOR CHAL CBA3AHG € TEM, YTO B CAy4de IEACRO#H
AuadparMN  KPHBM3HA IKBANOTEHUWANBLHHX NOBEPXHOCTEH  00.Jy4aeTcs
Goanle, YeM ¥ AdadparMmu € KPYLJAKM OTBEPCTHEM.

Ha rpadukax ®(2) ner Touek neperiba; 370 3HAYWT, 4YTO NPOH3BOI-
Han ®” (2) Ha BCeM nNPOTHAXKEHHA JHH3K COXPaHNET CBOH 3HAK (NJA0C
B Cayuae puc. 33, @ W Madyc B cayvae puc. 33,6). Caenosareanito,
B MEPBOM CJAYyYAE TIOJE Hi BCEM MPQATSAEHHH JIHH3H OKa3bBIeT Had 3EK-
TPOHHBE AYYH COBMpawuee AeHCTEUE, 3 BO BTOPOM U TPETbEM Cayuanx —
pacceusatomee. K TAKOMY K€ BHBOAY MOXKHO NPHATH, NPOCAEIUB BIOIb
AMH3Bl Hanpapji€HHE CHJAH, ACHCTBYIOMEH Ha 3XeKTpOoH. Ecan oTBaeuncs
OT TOro OOCTOSTEALCTBA, UTO B ONTHYECKUX AHH3EX NPEAOMIEHRE npo-
HCXOJWT TOABKO HA HEMHOTHX MPeACMASIOUHMX NOBEPXHOCTAX, a B 3J4EK-
TPOHHHX JUH3aX HANPABAEHHE AYYEH MEHSETCH HENPEPHIBHO, TO ONTHYE-
CKHM aHaJoroM AMH3M-gHadparMel  OyaeT audo cobuparomas (puc. 33, a),
Au60o paccedrawiuan Jiupsa (pac. 33,0, 6).

Ecap mexay OByms BuadpparMamu CyeCcTeyeT o6GaacTe OAHOPOAHOrO
noaa (puc. 34,a), TO TaKYl0 CHCTEMY MOXHO paccMaipHBaTs Kak KOMOR-

(5.24)
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nallio OBYX OTAENBHBIX NHadparM H HAXOANTH ONTHYECKYK) CHAY CHCIEMH
aud3 o u3gecrnoff onruveckod dopuyae
1 1, 1 d = o=
—_——— ——— - e 0.20)
f fi I fﬂ .}_flfz (
Fcnp none no o6e CTOPOHH OT CHUCTEMB! JMH3 DaBHO HYJAKO, TO (POKYL-
Hote paccTofHid oGedX NNH3 PABHBI

F_:__ 401 . 401(2' . f _403“_ 4U2d

fl_-‘_'Eg-_—Ug'_Ul’ *TE T U0

o

i ONTHYECKan CHNa CUCTEMBI

1_ 3 W,—u,
F l6d od,

$opuyaa (5.26) Ouiaa sxcnepuMentaasHo nposepena Ilonoroscxkum npa
nefoapiukx anaucHuax Uy/U; n xopomo noarteepauaacs. 3ameTHM, 9TO
CHCTEMA ABYX iMagparM, Kax BuaHO u3 (5.26), Bceraa cofupaoman. 310
BEPHO H ANR KAKOTO YTOJHO uHcAa Auadparm.

Ilpe pacctosuuax &, He CautikoM GOJBIIKMX CPABHUTEIBHO € IHaMET-
poM OTBEPCTHA 27, (puc. 34, 6), 064acTs OIHOPOIHOTO N0  MEKAY

(5.26)

v, >0 v, >0
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Puc, 34. a—kombHHanua ABYX IUH3 nuadparm; 0 —6u-
NOTeHHWAAbHAA 2HMH33, COCTABACHHAA H3 JIBYX auHadparm.

avadparMaMH  HCYE33€T M MOAYYACTCH OMMOTEHLHAALHAR JHH3A, KOTOPYIO
yKe Heab3d TPAaKTOBaTh KAK CHCTEMY H3 ABYX OTAECALHHX JIHH3-LHJI-
dparm {cm. 1, B).

ToABKO OTAEAbHAA JKH33-anapparMa MoKeT OuTh paccedsaioiem.
Ecau 3aekTpoa caesa or Amapparmol (puc. 33) He sanaseTcd KaTOXOM, a
HCTOYHHK BJICKTPOHOB JEAHT BHE OAHOPDOAHOTO 110AfA, TO, 9TO0Hl 1IpOMy-
CTUTL €ro uenes pualparMy, HYXKHO B JNEBOM 3IREKTPOAE [pOoAeAaTh
orsepcive, Ho Torza Mu noayuum anfo CHCTEMY ABYX JuH3-Zuadparm,
An00 OUMOTEHIMANLHYIO JHH3Y, T. € CHCTEMY Bcerda cobupamomylo, Kax
3T0 6uwao nokasakwo ssiue (0. 4). CiaeaoBateabHo, pacceupawiedl Ja@HIb

3 B. U, l'aposos, .1
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B Kau€CTRE %JEMEHTa 3IVMCRTPOHHOONTUYECKOA CHCTeMBl, 32 HURJAIOYSHHEM
70r0 €AYuas, KOrJa OHz AB8AA€TCd 4aCTbi NPHKATOIHOM JMHH3H, HE Cylile-
cTsyeT. . ]

L. BunoteHnuajsnhnabie nnH3bl. HanGoaee pacnpocTpaHexHas
KRONCTPYEI  OUNOTEHLUHAIBHOH AHHSKE — KOAKCHAJABbHBE URIEHADH. [
onpesieaenus  (POKYCHBIX  paccTosiu#  TOHKHX OHIIOTEHUMANbHBIX  AHH3
MOKHO KCH0/b30BaTy opmyan (D.17) r (5.21). Ilpu stom aas noren-
inata $(2) MOKHO BOCHOAL30BaThed dopuynamy (4.7) — (4.9) uwan e
IKCIEPUMEHTANBHLIME PE3YAbTATaMM.

Ha puc. 35 nanml paspesyl N0 MepuanaHHON MNAOCKOCTH A9 ABYX
Qopy GUNOTEHIHANBHKMX /MH3, OCOGEHHO YacTO BCTDEHAIOWMXCA B 3JeK-
FPOHHO-NYUEBHX TPYOKkax. Ha Tom e pucynke nokasansl rpaduke QyHx-
wii @ {2), P’ (&) u O”(2). Xapakiep STHUX KDHBHYX OCTACTCSE HEUZMEH-
ppn 1ag OHIOTeHUHANbHEIX JUH3 MoO00# hopMbl, Kak 3TO MOMKHO BHIETH
13 cpaencHuA puc. 35, @, 6 u 34, 6. Tak kak pannaapnas cuna, redcTByIOUHLaR
Ha %JCKTPOH, paBHA
FrZ‘HeE‘r.:_gq’”:

7

TO OM3 Halpasiena K ock TaM, rae @7 > 0. 310 cobupawoman 061acTb
munss, Ho ®7 namenser 3snak (pHc. 33, 8), TaK 4TO ONTHUECKHM aHAJOCOM
OLIIOTEHIHaApHOR  JMIAH3E  ABAAETCA CHCTEMa H3  JBYX* JuH3 — Gojee
ciibHO# cofupawmeit v Ooaee caabod paccewnawelel (puc. 33, 2).
[lokasateas npenomieHuss no o0e CTOPOHH JAMH3B KMEET 3HaucHUd
V' Uy m V Us. _

LHNOTEHLUKHAALHBE IHH3bl, COCTABJSIOLUIHE HENPEMEHHYI0 4acTh 3daeK-
TPOHHBIX TYMEK (MPOKEKTOPOB) OCLEANOTPAPHYECKHX H TECJEBH3MOHHAIX
TpYOOK, OHa¥ DPEIMETOM TILATEABHHX HCCAeROBaHUN Kak Ha npulopax,
noaoGHHX W300paKeHHOMY Ha pHC. 32, Tak H METOAOM HOCTPOEHH
NCKTPOHHBX Tpaektopull. MHoOrouwcnenane rpaHky, MOCTPOCHHBIE Ha
OCHOB3HWM 3THX MCCAEAOBaHuil, MOoxHO HaitTk B Kuure K. LlnaurenGepra
PL 1. 8, 1. II, ra. XV].

3mecs MB OFPaHHYHMCH TOJBKO HOPHMEPOM JHH3HW, OOGPa30BaHHOH
IBYMAl LMAUHADaMH C OTHOewueM muaMerpoB [,/ = 1,5. Peayapratu
H3MEPEHHH ¥ TEOPETHYECKHX PaCUeTOB NOKasaHw Ha pHC. 36, nmpuyem 33
eAMHHLY AMHHB HPHEAT ARameTp nepBoro muamHapa ). Kax suauo,
0/1Y4AIOTCH COBNANAIOUIHE PE3yALTATHL

dokycusie paccroanus fi; U f; OTCUNTHBAWTCA OT FAABHHIX TOUEK
Auussl Ay u f{y, noJoXKEeHHEe KOTOPBIX B JAHH3E 33BUCHT OT HaNpaKedui
U, n U, IHostomy wva puc. 36 maHH Takke rpaduke paccTosuui F; u
£, Mexay ¢okycaMH ¥ TOUKOH Ha ocH, Jexaled Ha NAOCKOCTH COelu-
HeHis waaniapos M M,

Wswnensa otmomenne U/U), mowno noGuthes usmenenws fi u fy
B 3HaYuTENRHMX mnpegeaax, Ho npu U,/U, > 8 bokycHoe paccrosnne
MEHACTCH YA€ HE3UAUHTEILHO Y MPHMEHATH OYeHL GOJbIMRE HaTIPAKEeHUs
(Uy-—U)) He umeer cmuicaz. Ilpn wacTo BCTpeuawumieMcs OTHOWIEHMH

3-
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Puc, 36, OnTHueckue xapaxTepPHCTHKH

6HNOTEeHUAAAbHON AHH3L, 06Pa30RAHROH

ABYMA IHIHHIPAMH C OTHOINCHHEM IHd-
merpoB Dy/D;=13.

f1 # Ja — dorycHbe pacetognng; Fy B Fg — pac-
CTOAEHA OT hokyeor zo nacckocTd MMz, npo-
Yonrsmefl wepes KON MHISHHEP OB,

4 (OKYCHOE D3CCTOAHHME PABHO HECKOJABKHM [INIMETPaM H

ero TPYAHO CAEAATh OUYEHL MasbIM.
Meubmee f u, anauut, O0G/blIAR
ONTHYECKAs CHNd  MNOJAYYaloTca Yy
OJAHHOUHHX JHH3,

B. OasuoudBe AHH3BG,
OnyHOoUHBE NMH3H 00PA3YIOTCH TO-
JeM TpeX aKCHa/AbHOCHMMETPDHUIIRX
JNEKTPOAOS, NPRUEM KpaHHHe 3ACeK-
TPOAR coeinHens BMecte. Io obe

CTOPOHH OT AuH3H 71 == |/ U/ umeer
OIHO U TO Xe 3HAYEeHUEe, Kak BOfl-
THKE y DPOCTOH CTEKASRHON JINHIEL,
JTUM OODACHACTCS HA3BAHBE «O]H-
HO4Has JAWH3a». Jl4H32 HMEeT TpH
ofJacTy NpeaoMASHHd, XapaKTep Ko-
TOPHX YKa3aH Ha pHc. 37 Lin
Ugp > Uy nmna Uy < Uy, Hawe
BCErOo KpaHuue 3ReKTPOAN COBER-
IEHHO OAHHAKOBH W DAaCcNOA0NeHb
CUMMETPHYHO IO OTHOILIERAIO K Cpel-
HEMY SACKTpoay  (CUMMETpuyHas
OJYHOYRAA JMH32), TaK KaK, Io-
BHAUMOMY, HeIb3s MNOJAYYHTh HHKa-
KUX [pEUMYUIECTB, €139 JNH3Y He-
cuMMeTpHUHOl. (OInHouHbe JIHH3H
PAMEHAKTCH B JIEKTPOCTATHIECKHX
ACKTPOHHNX  MHKPOCKONZX, TaK
KaK ¢ HHMH YBaercs JOCTHraTh
OueHb ManeX (OKYCHHX paccTos-
Huii. Ha npakruxe Goaswmed yacisio
NEKTPORAAMU CJIYKAT [JAOCKHE WIH
(kak Ha puc, 37) npoduAnpoBan-
Hpe auagparMu.

Hecummerpua B peansHBX KO-
CTPYKUHKAX OONbMIER YaCThlo HE pac-
NpOCTPaHaeTcd Ha ONu3Kyie K ocH
06]aCTb JUH3B H BHI3KBACTCA MQ-
6ouHbHMU  COOOpaXEHHaMH (Hanpu-
MEp, VI0OCTRAMM MOHT2:Ka WJIH Xe-
JaHueM [OBHCHTL npo6HBHOE HA-
npsukenue). He cymecreyer crporux
TEOPETHUECKUX PACYETOB pacnpene-
JACHUS MOTEHLKANA BAOAL OCH OJH-
HOuHO# JnHsel. B aureparype

{7 A, 3] ectb yKasa#HA Ha BO3MONHOCTE C JOCTATOYHOH TOYHOCTHIO"

-
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;fo.qbsoaarbca POpMynoH
D (2) = @y + Ae— 8, (5.27)

B KoTOopOH Kosdpduuuentn Oy, A, & poabupawrcs sMNAPUUECKH MO pe-
gyAbTaTaM ONPEIENEHHA NOAS B 2JEKTpoauTHuecKo# sauve, Ecau nunsa
ToHKAasd, TO e¢ QOKYCHOE PaccTOfHHe MOXHO HalTh no dopmyae (5.17) niau
ayume (5.21), HaXoas WHTErpaa NPHEMAMH YHUCACKHOTG WHTErPHPOBAHUA

Y, 7
+ - +
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-

—— e

Prc, 37, OnnHoyHHe IHH3H: cieBa Ugy > Uy ; clipasa Uy > Uy

Ha prcyHEe npeAcTaBAeHL: BEEPXY — SEBHNCTeHU HAAbHEIE AHUHH OOAN; B cepeluHe — onTHyeckuil
aHAAOr AMH3HI; BEHAY — BUX QVUKIHA ®(2), $(2), ®'7(2).

00 3KCMEPUMEHTANBHRIM AaHHHIM. Takue pacyeTsl OXa3nlBAIOTCA B XOpOUIEM
COrnacHy € ONBTHHIMHM HAHHBIMH, NOJYVYEHHBIMH IIPH HCCISAOBAHHM JUH3,
KOTOPOE MOWHO BBINOJHUTE Ha npufiope, NOgOOHOM OMACZHHOMY BHILIE,

Ha npaktike OZMHOYHHE JIHH3H HCNOAB3YHTCA 4Yalle BCEro Kak 00b-
EKTHBHLIE B MDOCKUHOHHNE AMH3HI 2AEKTPOHHHX MuKpockonos. Orcrona
C/ACAYET, YTO HHTEPECHH B [MEPBYK O4EPEdb KOPOTKOMOKYCHHE JHH3HI,
uMeouMe =2 -5 Ma, T. €. TAKUE, KOTOPHE HH NMpPHA K2KUX YCAOBHAAX
HeAb3s CYUTATh TOHKUMH,

Mccaenosadns oaMHOUHEIX NHH3 GOALIIOH ONTUYECKOH CHJAW TPORO-
JAAHCH KAK € MOMOIILIO NOCTPOEHHA SAEKTPOHHHX TPAEKTOPHH, TAK U K -
puMenTanbHO. OCTAHOBHMCA KPaTKO Ha HEKOTOPHX peayabTaTaX STHX
HCCCAOBaHUH AAS NAH3M, 06DA30BAHHON NOJAEM TPEX NAOCKUX AHadparm,
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Ha puc. 38 8 33BMCUMOCTA OT OTHOMmeEHuA wanpsxeuud U /U, Ha-
Hecenw ontuweckaa <uaa 1ff o W-—paccrossne rnasoro ¢Qokycg or

Puc. 38. 3asuCHMOCTL ONTHYECKOW Cilabl
H PacCTOAHMA uepejnero Goxyea oT Kpaklued
maatpparmst W oor Uep/lyp, 1A  onBROYHOH
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Lif

Oanasizei K nemy KpaHueft

AvadyparMal.
s 00 beKTHBHOK AHH3A
MHKDOCKONA 9Ta BEJHYUHA

CYUIECTBEHHA, TAK KaK OO BEKT
npu GOAbWHX YBEIHYEHHHX
HaXOANUTCA BOJU3A TAdBHOTO
tpokyca u W poutm TOukoO
PaBHO PACCTOAHUID  MEXAY
ofbekToM ¥ AuHzoH. 3a eaw-
HHNY DACCTOSAHWA MPUHAT ENa-
MeTp cpeanero oreepcrud. Pu-
CYNOK TOKAasHBaET, YTO CitJib-
HHE ABi3bl  AerYe MNOAYNHTH
npu U, < Uy, nanpumep npu

ep = U, (B neBGonpuinx npe-
zenax  MoxHO caenatsl/,, <
< U.). Cxewa nutanus 114
ITOre CAyyas B yNPOILEHHOM
BHIE NpENCTaB1eHaHa puc.39,a.
DIEKTPOHH BHE JMH3H, Kak
3TQ0 W Tpebyerca ald 3Jex-
TPOHHEIX MUKDOCKOTOB, WAYT
C OONLIUMMH CKODOCTAMA H
CHABHO 3aMelnarTcs BOAN3H

CPEAHErD OTBEDCTHA, YeM i OOYCAOBJHBAETCA OO0AbUIAA NPEAOMARKIOILLAS

CHna

1-
E“'——"— U =Uep
= Usp
—*—_._UaJ I L
\ /
i s " e ;
Lbf/m”‘ya ]U;
1o
.m 4

JIHH3DL.

Prc. 39, CieMp IHNT2HAA OAHHOYHON AMH3I.

Moxno eme ynpocTETh
Toraa mm npuiem K cxeme puc. 39, 6, KOTOpas WMEET ABA NPEHMYLIECTBA,

nutanue, chemas Uy, =U,,
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Bo-n1epBHX, y JHH3B 3a3eMJEHH BHEWHHE 3JGKTPOAHW M ona Ges-
onacHee B 3IKCOAYaTaUHMH F, BO-BTOPHYX, HCHQJAL3YETCS TOALKO OIHO Hanps-
wEHUE, TdK YTO JMH3Y B 3TOH CXeME MOWHO Ha3paTh VHUHNOTEH WH-
anbHOHB  YHANOTEHUMEALHAw  JHMH3Z MMEET NOCTOsHHOE (QOoKycHoe
paccTOANME, COCTBEICTBYWOIIEE TOuke A #a puc. 36, He MEHAIWIEECH
npH  H3MEHEHNH NOTEHUMAN3 KpaAHWX 3eXTpoacs U, Tak Kak npu
mobom 3nauenun U, ocraercs U, U ,==00. PusHuecky 3T0 OGHAC-
HHeTCA TeM, YTO npH usMeHennmd (/ ,= U, ojHOBpEMEHHO ¥ B OaHY
CTOPOHY MEHAIOTCA MPeNOMIAIONIAN CHAA AHH3BI H CKOPOCTh 3MEKTPOHOR,
Hanpuvep, npu yeeauveuwn U, =, pacreT danpsAeHde IuH3b
(U — Ugp)=1U,, npeaomamowan cuia Jeszercs  Goablie, HO
3MEKTPOHN [POXOZAT 4Yepe3 JuH3y OhcTpee K OCTaRTCA B 1pe- -
NOMASIOIWEM MOJE B TEYEHHE

MEHBUIETO BPEMEHH, TaK HIO ¢, - -
06a 3(hPeKTa KOMICHCHPYIOTCA. gﬁ ‘ 7
C mpaxTuueckoll TOUKH 3peHHs 14 b;@

HE3ABUCUMOCTh OKYCHOrO pac- M /
CTOSHHSI OT HaMPAKEHUs — Goab- 1z ?_’2%

woe TPEeHMYUIECTBO, TaK Kak 0 ] f!
konebanua danpakKeHud BCroy-

HHK3 NUTAHAS TIQUTH HE BJAUAIOT 8 /

Ha ONTHYECKUE CBORCTBA JIHHBWL. /

Ho ects u HeyiroOCcTBO: GOKY- 6 4

CHPOBKE HEIb38 AOCTHYbL, MEHAA /1

HAaNPAXKEHUE, H NPUAXOAUTCA ANS ¢ o] P

NOAYYeHUA UYEeTKOTO u3oOpame- 2 "

HHA  TepeMemats 00BEKT HAH a a5 10 75 20 5 25
MMH3Y, KaK B CBETOBOM MHKPOC- a
Kotte,

MomuMo nanpssenna U Puc, 40. KoHCcIpyxiHA OXWHOMHOH TUH3M

] 4 3AEKTPOHHOLO MHKPOCKOUA K 3aBHCHMOCTH
60/blIOE SHAYEHHE HMEKT ICO~  ee okycnoro paccIosdds OT napamerpa
METpHYeCKue gavube aunsH. dn- bla.

AMETD BHENIHUX OTBEPCTHH BAHAET OTHOCHIEABHO MAA0 HA NDEJOMJARIONLY IO
CHJY, HO OT Hero B3aBHCHAT, HACKOABKO TNOJE JAHH3H BHXOAMT 3a fpe-
aeqasl  aaekTpolos. OOBEKT, BHECEHHBA B [OJE JHMH3EL, HCKamaer
€ro, MO3TOMY BHIOIHO OTBEDPCTHA KpaHHWUX 3JEKTPOAOB Je€albh HE-
0ONbLIHMH,

[Tpeaomasiomas Cusa AHH3H 3aBACUT B HauGoablueR CTENeHH OT pac-
CTOSIHUE MEKAY 3JeKTPOZaMH, Q¥aMeTpa CPeIHero OTBEDCTHS H TOJLLMHBL
cpexnero saektpoaa. Ha puc, 40 usolpawena B pa3pese JHMH3a 3AEKTPO-
CTaTHUEeCKOoro Mukpockoma ICM — 560 (B u. II, ra. 5 agano onucanune
3TOrO0 MUKPOCKONA), AA8 KOTODPGH 3aBHCHMMOCTL (POKYCHOrO pPacCTOAHHA
OI TEOMCTPHUECKHX AaHHHIX Obiia M3MEpeHa 3sKcnepuMeHTadbHo. Jlerxo
[IOHYWThb, YTQ ONTHYECKHE CBOHCTBA JHH3IW 3aBUCAT [IPAKTHUECKA TOALKO
OT pPasMepoB <CpeaHeH 4acTy JAH3H, rAe AnagparMbl MMEIOT NJAOCKYIO
$opmy. Popma nepudepniinpix nactelt aradparm moaudHeHa TPEGOBAHUAM
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NOBHIIEHNA NMPOGUBHOTO HANPSHKEHUH W YAOGCTBA U3OIALMH W KpelJeHus
3AEKTPOIOB.

Ma pnc. 40 npuseaena Ttakxe sagucumocTs f OT oTHOWEHWA bja.
Kak susno, npu &/a nopanxka 0,5— ! noaywaercs fAa=3 wMa, HO C AHH-
30H 9TOH KOACTDYKUMH YHABaNOCH noayuath U fas 1,5 wu.

7. DAeKTPOHHBIE 3NEKTPOCTATHUECKHE 3epKana. IACKTPOHHHE
3epKaia NPHMEHAIOTCA B JIeKTPOHHOONTHYECKHX npubopax OvYeHb PEAKO.
B KOHCTDYKTHBHOM OTHOUICHHH 3€PKAN0 MOWET HHUEM HEe OT/H4aThCs
OT AuA3Bl, TAK KAK BCAKan /MH3a, UMEIOLIAA B KAKOM-TH0O MecTe oCH
DOTEHIMAN, MEHbIIHY NOTeHNIMAAA KaToaa, §yJeT MOBOPAaYHBaTh 3ASKTPOHL
Q6pATHO, TPEBPATHBIIHCL TEM CaMbiM B IJIEKTPOHHOE 3¢PKaJIO, :

"OnTHYECKAE CHONCTBA 3CPKAAAa MOKHO HCCAEAOBATH TEMH K€ CIOCO-
6aMy, YTO # ONTHYECKME CBOKCTRA JIMH3, T. €. IKCACPUMEHTANABHO UJH
C NOMOIMBIO, NOCTPOSHHUR SJACKTPOHHBX TPaeKTOpPHH.

s w0 ws e
o = ~EEE T +—
al J/

Puc. 41. Xoa ayue#t 8 paccedsaoiieM {a) ¥ cofupawuiey (6) 3IeKTPOHBLX
3epKaJax.

Ha puc. 41 npreenensl HEKOTOpHE SASKTPOHRHHE TPAaeKTOPHE And
aepxana, NOJYYeHHOro w3 OunoTeHudanbHo#t nuusel. B omnom cayuae
NOTEHIHAAK 3AEKTPOROB paBrnl — Uy w Uy=-—U);, 1ak u10 0OBEpPX-
HocTe mosopotra =0 sexnT xaK pa3 NocepenuHe MEeWAY BIICKTPO-
zamy., [lapannencHb Ty4WoK SAGKTPOHOB NOCJHE BHXOAAZ U3 3epKana
JACAICTCH PacxQiqiinmMes, ¥ MBH HMECM dHAJA0r BHNOYKJAOro 3€pKana OITH-

1
Kku. B apyrom cayuae Ug=— — ?Ul A [10BEPXHOCTh HNOBOPOTA JEWHT

rayfoKo BHYTpPH sepkaita. 3epKano HACTOAbKO CHABHO COBHpaer ayu,
YTG TOYKA MEpEeCeyeHus [apAAAeNbHHX JAyvyel JAeKUT B OGHacTH nosisd
sepkasa. Menas (/;,, MOXHO nNEPEMECTHTL - PIOKYC B JA0O0OYI0 TOUKY
Ha ocH,

Kak # B cayyae /nH3, aHAROTHA ¢ ONTHKOH HENoAHad. SICKTPOHH
HE OTPAMAIOTCA OT MOBEPXMOCTH Pasmena, 4 MPOHUKAKWT B rayle noas,
NOCTENEHHO 3aMEAASACH M BOSBPallaaCh HA34Z, H ABJACHAC CKOpee Hano-



§ 6] MATHATOBIE ¥ MATHUTHO-3MEKTPHYECKAE SAEKTPOHHME Juuss 73

MMHZET IOJHOE BHYTPEHHEE OTPAXEHHE, ¢ KOTOPHM MH YK€ CpPasHHBAMH
JBVXEHHE 3JEKTPOHA 110 mapabose B oanopoaHoM moxe (cv. § 1,1). Pac-
cMOTPEHHBIY Tam Cayua#h MOKHO 65110 OBl HA3BAThL OTPAKEHUEM B [LIOCKOM
seprane. .

§ 6. MaravTHele ¥ MATHATHO=-3NeKTpHIeCKHe 33AeKTPOHHME MHH3HN

1. Tunsl MarHUTHRIX AUH3. Popma NOAS B MATHHTHHRX JHA3AX.
Ounucaunad B § 2 1uHHAS MarHWTHas AMH33 APEACTaRIseT co00# npocTo
0JHOPOAHOE MarHiTHOE TMoJe, na- z
paafeasHO KOTOPOMY HANpasieHa \ l /
0Ch POXYCHPYEMOTO PaCXOIRLIErOCs 2 |
nyuxka 3AeKTPOHOB. aaHHas JuH3a o) BB t

3 e

1\

naeT npaMoe uaofpaiaeHne 06 beKTa,
MHOTOKPaTHAO IMOBTOPHIILEECH HA
PABHBIX PACCTOAHUAX, TPHYEM Kak /
O0DBEKT, TAK M €T0  Mn300pakeHue z
AexaT eHYTpw nong., JIaudHas mar- Lo\ | 20N
HYTHAs JAWH2RZ Majdo NOX0XKa Ha (

ONTHMECKHE ¥ 3IEKTPOCTaTHUECKHE )
3]EKTPOHHME NHH3E: OHa He fnpe-
IOMAAET AvueHd, NapasAenpHHX [0- = =
A0, M, 3HAUUT, HE HUMEET HY (POKY- -
COB, HH TJIABHBIX TOUECK H HE MO-

AT AaBaTh HH YBEJIRUYCHHOTO, HH
YMEHbIICHHOT0 H300paKeHud.

OGmupHoe UPHAMEHEHHE HMEOT 8}
Mars{THHE JARH3K, O00pPa30BaHHLIE
HEOAHODOIMKM  AKCHAABHOCHMMET-
puuenM 1ogaeM. Ha puc. 42 naHm
MEPHANAHHME CEeue€HH HEKOTOPHX
MATHHTHHX JIMH3 3TOr0 KJaacca o
¢opMa CHAOBHWX AMHHE B Mepuin- N
dHHOH nMAOCKOCTH, 3

[MpocreHian, HO oueHn cnabas N
MarHuTHag JHH3a — 3TO  KO/iblLe-

Bo  voK. HanpawensocTs noas -Miﬁﬁﬁﬁb’”
Hd OCA KOJBICBOIO TOKE paauy-  Puc. 42, KoHCTPYKUHH MarMHTHHX JHH3,
ca R, Kak MOXHO OYeHb IPOCTO

NOKA3dTh, HCX0As W3 3akoHa bBro-Cabapa, Bepaxaercs dopmyiol

[y por o

Sy Ny

2nR?
H@=—28 . H» | 6.1)

et ()Y
2r]

rae HmZW“HHHpH}KEHHOCTb 7oA B LEHTPE KOABUEBOIG TOKAE,
T. € TaM, FA€ OHZ HUMECT MAKCHMAALHOC 3HAUYCHUEL, H Z— PACCTOAHHE



74 ABWAKEHUE 3APTHFHHHIX YACTHU B SAFKTPAT. H MArH. flonax [ra. 1

OT MAOCKOCTH ToKa. Iloac Ha ocu KOpOTKOW Xaryiuku Ge3 wxenesa, ecnn
ee BHYTPeHHuil pamuy< Mnoro Goapiie TOAMMHH O0CAQUKH, (IPHOIHAKEHHO
MOXHO BHIYHCAHTL 0O TOH ke dopmyne (6.1), nonaras B Helt H,—=
_ 2nw}
=7
Kak GypeT nokagano HBWe, ANl YBEAHUEHUA ONTAUECKOH CHJIM JHIHSHI
HYKHO YBEAWUHBaTL f{,, m CKHMaTh NOJAE B OCEBOM HalpasieHid. 3To
AOCTHraeTcs ¢ MOMOL1BIO

Hy o60a04KA U3 eppomarue-
140 THK3 — MarHATHOrO 2KpaHa
(puc. 42, 6 n 8), wacro
CHAOKEHHOrO0 KONLIEBBIMH
NOMOCHHIMH ~ HAKOHEUHH-
kamu (puc. 42, 2). Puc. 43
Ha 4YacCTHOM npHUMepe noKa-
3BIBAET, KaK BJMEET 3IKpa-
HWDOBAHWE HA pacnpeje-
Aenne 1044 BAGAB OCH.
L ! » Bce Tpl xpupnie NIMEPCHN

~2 -0 -8 -6 -4 -2 0 2 & & 8 M f2M ang onnof W TOB e Ka-
TYIIKM B APA  OJHOM R
TOM XK€ TOKE, HO KpHBas
] cuara  Ang  HesKpaum-
pOBaHHOM  KaTYIUKH, 3K-
paH  KaTYmKK® B CAyuae
KpuBoH 2  COBEPLICHHO
OTKPHT ¢ BHYTpeHHe#d cto-
pOHH (XaK Ha puc. 43, 6)
Ppc. 43. Kpuswe pacnpesesenna wmarumraoro 1 B CAyHac Kpusokt 3 B

HOoAS BAOJbL OCH HE3KPaHHPOBAHHON (kpwpas /) IKPAHE OCTAR/ACHA TOALKO
B JKPaHHPOBAHHWE MACHHTHHWEX  JNH3 (l{pHBHe KOJAbliegaAs LISAb mupﬂﬂoﬂ

, TA€ W — uNCI0 BHTKOB KaryIHK#H, 2 R — CcpeaHnit ee paanyc.

F

2 u J). 3 (M, Kak Ha 14u3e

Hy — B 0TROCHMTE RHNE EEAHRHIAX. (pHC. 42, 8). [Tnowans
+co

BCEX TPEeX KPUBWX OAHHZKOBA, TaK Xak §H€.{S=4ﬂ‘{0]= S Hydz
— o0

OCTACTCH MOCTOAHHEIM TIPH KAaKOM YroaHo 3kpane. KOHUEHTpaiua noas
OKOJIQ CEPEAMHBI LIEAH BUIHA BIIOARE OTYCT/HRO.

HanpamxeHHocTs NOAY IKPAHRDOBAHHHIX Karylek O0e3 NOMOCHLIX Ha-
KOHEUHHKOB MOKET NOCTHIaTh HECKOABKUX Thicsd 3pcren. [lpnvenas Ha-
KOHEUHVKH ¥ “3rOTOBJSA UX M 3KpaH W3 Martepuama ¢ Goapwol HHIyK-
unel HacHIeHns (;keae3o «apMKor» ¢ By, = 20000 2c van «nepmenaops
¢ Bypge = 24000 2c), moxuo nosects f, ao 25000 5. Ha puc. 44, Ha-
TPEMEDP, J2HH CCUYCHHE MOAICHHX GalIMAKOB NMPOSKUHOHHON JH3H 3/eK-
TPOHHOTO MMKPOCKONZ H KPHBAA DPAcHDENEALHHA [0 BAOAL €€ OCH A
4000 amnep-BuTKOB. [Jone HaCTOABKC CKOHUEHTPHPOBAHO, YTO YXKE Ha
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pacCTOsHHY [IDHMEPHO 1 MM OT CepeddHM NHH3B HAOPAKCHHOCTL 11074
YMEHbILAETCS BABOE, 2 HA PAaCCTOAMHU 3 .4 [1e/1aeTCd COBCEM MANOH,
PaccuuTaTh TEOPETHYECKH MarHHTHOE 110.4€ 3KpaHupOoBanioil KaTyiuKe
HE YAaeTcd BCACACTBHE CAQKHOCTH POPMEI HAKOHEUHHKOB M HENOCTOUH-
CIBa MAarHATHOH [POHHLEEMOCTH MaTepHa/la 3KpaHa, 3aBMCHINRH OT Ha-
Mariugisaomero 1oas, OaHako CYIECTBYIOT XOpOISO COrJIacHNE ¢ ONBTOM
I OYEHb ROJE3NBE 3IMIIpHYeCKHe (opMyasl 144 noas na ocu f4,(2).
FisteHHO, Ans MarndTHO HEeHa-
CLILEHHOrO Marepaaniad

0123456789 mm

F3

Hy(z)y=H, e P,
b==1,2q,

(6.2)

a4 1A% HaCHIedHoro (4 6.au3-
KOO K HaChlUWEHHIO)

!

3navenne  KOHCTauTel £,
11PEARHEE, ITO HANPAKEHHOCTD
noas 8 UCHIPE JMH3BL KOH-  p. 44 |{losicCHNE HAKOHCYHHKH M KpHBaA

CTaWTa & pdBHa MOAYWHDURE  pachpenedenus uois BIOJIb OCH JAMH3B Mare
KpuscH Hg(2) B TOM MecTte, HUTHOTO 3J1eKTPOKHOrO MHKPOCKOTA.

rae H, yMenslaeres 10 /1, /2.

Taxum 00pasoM, B Kakiyw u3 dopMy:r (6.2) n (6.3) BXOIAT BCero
Mo JBa napaserpa, Jerko onpeieaseMulX 3KCHEPHMEHTANLIO.

2. Mexanu3M GOKYCHPOBKH B MarHuTHO#M aHn3e. Pa3zCepev mexa-
HW3M BOZNEHCTBHA NOAd HA ABMAKEHHUe djeKTpoHoe, M3 Kapruuu cniaoBnix
AHHAH BHAHO, YTO HA 3HAUMTEABHOH YacTH 1OAs JMH3Bl PadHalibHAs CO-
CTagasiowas noas ff, ¥ npogonbHas Ff, — BeAWYHHK OIHOrO NopsIKa.
[Tyets snekTpon, smmesumui Mz Toukw O HA OCh Z B Touky A, HMeer
CKOpoCTh © (T, 2,) (puc. 45). Cuay, AeKCTBYOUYI0 HA 3ASKTPOH, MOKHO
NpeACTABHTbL KaK CyMMY JIBYX cHa: F,, — cuasl, ASACTEYOUled co CTo-
.POHB pazManvHOR Ciraramoulelt nosma A, H2a 3AEKTPOH, KMEIOWMA CKOPOCTh
U, B F,,— cnan aeRCTBEA mpoaoABHCH cocTasaswmel A, Ha 3JeKTpoH,
HMeuiuit  ckopocts v, Hanpaenenve obeux cus 02MMaKOBO, HO BClen-
CTBHE MapaKCHAABHOCTE BSJEKTPOHHHX JyueH v, >, d

— K 8 moic 30cmed -
ot n SR RRSEN RS

Hy(2)=H,p, (6.3)

€o A €q
Fz =*?Uer<Frz:“_?vzHr'

ITon neiicTBHEM cuasl F,, DAEKTPOH NOAY4YAST CKOPOCTH Ty NEPNEHAR-
KYJIADHYIO K MEPUAMAHHOH njaockocT, lelicTBne npoaoapHo#l COCTABAAIO-
mei noas Ff, Ha 37EKTPOH, UMELME CKOpPOCTH T, 13¢T <OKyCHpPYIO-
WY» CHAY Fg?, HAnpasJEHHY0 B CTOPOHY OCH., BNAOTL 00 CEepemMHB
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NAH3E HAMPABJIEHHE CWIK F., HE MEHAETCA ¥ CKOPOCTh U, Pacter. Bo
BTOPOH MNOAOBHHE AHH3H ff, ¥ BMecTe ¢ HeB F,, MEHSIOT HanpasJeHue.
Cropoctb U, Hauv¥HaeT YOBIBATH ¥ K MOMEHTY BHXOja W3 JHH3H ofpa-
WAaeTcA B HYJb, HUTAE HE MEHsd CBOEro 3Haka. IJAEKTPOH BHIXOLHT K3
AUH3BL B RPYroll MEpHAH2HHOB NMAOCKOCTA MO UIMCHEHHOMY HanpaBACHHIO
H AafblU€, ABHCAACh OPAMOAHHEHHO, nepecekaeT ock B touke O. Ilpoex-
U TPAGKTOPHU HA MAOCKOCTL, NEPRNEHAMKYAAPHYIO K OCH, OVAET HMETH
BWA, NOKAa3aHHHA HA puc. 45 cmpasa. Ecan none amuswm caabo, 10, KO-
HEUHO, MOWeT 0Ka3aThCd, YTO JYYH M NOCJAEe BHXO0A3d K3 JUH3bBl OCta-
HYTCH PacXQISiiUMUCS — B 3TOM CAyYde OCh NEPECeKyT TNPOIAONAKEHHH

Bud  clony

oo

Puc, 45, K MexzanHaMy (GoOKYCHPOBKW B MATHHTHOH IHH3E,

ayuelt (470 COOTBETCTBYET MHAMOMY usoGpaxkendw Touke (). C apyroh
CTOPOHBE, OPH CHJABLHOM IIOJE 3IJEKTPOH BHYTPH JHH3BL YCIIEET HECKOABKO
pas nepeceys och,

3. YparHeHHe QJCKTPOHHBIX Ayued B oO6mem cayuae MATHUTHO-
SNeKTPHYecKuX JHH3. (OCHOBHIBAfACH HA ONUCAHHOM BHILE MEXaHH3ME
AefCTBUA MArHUTHOTC MOk, HETPYAHO ObJIO OH NOAYYHTH YPaBHEHUA
IBMKEHHS 3AeKTpoHa. Ho Mm BHIBeneM 3TH ypaBHEHMS M YpasHEHue
SACKTPOHHKX Ayuel aaa Oojee cOImero caAvuas MarHHTHO-JIeKTpUYECKOoH
JUH3H, T. € [N HaJararomaxcs aKCHAJAbHOCHMMETDHYHMX MAarHdTHOTO U
INCKTPUYECKOrG NOJEH.

A aKCHAALHOCHMMETPHYHOTO MATHHTHOTO MO B OHAHHAPHYECKHX
KOODAKHATAX 2, T, ¢ MOMHO HANHCATh:

A, N= 1 Hy () — g Ho @)+ IV () — ... =
ad (__ l)ﬂ HE?IU (z) r a1 .
— AR E (PN (6
gﬁ nt{n4 1) ( 2 )
v 2 " 1 i
H(z, 1)=1H,(2) — (%) Hy(#) ++ (%) HV (2)—...=

=nio (_ 1]’[::!-_;2:]2”] (2) (%)en L (6-5)
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r , r e r:’n e
H, (2, "')=_'§Hﬂ(z)22—,] Hy (@*mﬁé“(z)—}—...z
[+
- (__ 1}H+I H:JER-}-U (Z) r P41
e 2 n! (n+ I)! (‘2’) ,» (6.56)
n=0
nprueM -
dA
£, = ___Ez? :
1 3{ra}
Hy=——5%, (6.7)
H?: 4,

rae H, H, — Chargionne HANPAOKEHHOCTM MArHHTHOrO fnoad w A, -
C/1Ar2ILAN BEKTOP-NOTEHIHAAA MO COOTBETCTBYKHIMM HAMPAaBJEHHAM (CM.
apuiaoxenne, § 1)

YUUTHBEA TOJBKO UJeHHh 1-ro nopsaaka 10 OTHOWIEHHIO K f, NOAY4YAM:

H, = Hy{(2), “
Hy=—5 H(2), | (6.8)
Ag==-5 Hy(2).

&

Takam o0pasoM, aKCHANBHOCHMMETPHUHOE MATHUTHOC monae BGIU3H
oCH CAMMETPHH BIIOJHE ONPEeIE/IAeTCs pacnpeneaeHHeM HanpaKeHHoCTH
noas Fy{2) Ha caMoH OCH (Cp. € 3ASKTPOCTATHUECKHMM AKCHANLHOCHM-
meTprusibiM noaenm). HMs tpernedi popuynaw (6.8) MowHo HaliTé BexTOp-
NOTEHIMAN A, A OPAMOro U3MEPEHHA KOTOPOro (B OTAHUWE OT 31€K-
TPOCTATHUECKOrO NOTEHNNAaNa} METOAA HE CYUIECTBYET.

{iepefizem Tteneph K BHBOILY YPaBHCHWA TPAEKTOPHH 3NEKTPOHOB B
MATHATHO-IMEKTPHUECKON axcHaJbHOCHMMeTpHuHo# Jaunse. Cuaa, neh-
CIBYIOUEA Ha SJALKTPOH:

H
F:_e(E—{—?[vH] .
dz
KOMOOHEHTH CKOPOCTH B UMAMHIPHYECKHMX KOODAWHATAX PABHEL TR
dr dg

4t ar e C-’IE}IOB&TEHBHO, CIararouine MarHATHOH CHAW pDaBHLL
e . .
(Fﬂ)zz"'g (— rH:p+ refl),

(Fu) = ¢ (—reH, 4 2H), } (6.9)

(Fu)o == (— 2H, + H,).

Caaratompe snextpuueckol cuan Fg parun
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[IpuneMas BO BHHMAaHHE OCEBYI0 CHMMETPHIO OG0UX moaefl, T. € nod-
cragass H,, f1, w H, w3 bopmynu (6.7) # nonaras 90/0y =0, noay-

4%

vh

Puc, 46.

U¥M KOMNAOHECHTHI CHAL, IlEﬂCTB-)"!OlLIEH Ha ZHEKTPOH, B BHI1E

foU__ 1 .04
Fz'"'eldz A dz‘t}’
ali 1 .8(ra) '
F,=e{§-7<p (af—}» + (6.10)
__ e f.0A, FOo(An) e d(rAy)
Fo={t%r + 155 =5

Uz BTOPOIrO 3dKOHA AHHAMHKE KOMHOHEHTH CHIAL B OPAMOYFOJBHRIX KO-

OpAMHaTaX
F.=—mkx, Fy =my, F,=mz,

2 B UMAMHIAPHYECKUX KoOpAnHaTax (puc. 46) koMuoueHTot F, u F, pasHu:

F,=F, cos ¢ +— F, sin g = mX cos ¢ 4 mj sin 9,
: _ , {6.11)
Fo=—F,sin g 4-F, cos 9 = -— mXx sin 9 - my cos 2,

Hnddepenuvpys asa pasa:
==/ {08 @, Yy=rsiny,
HaxoauM X u P M, BCTaBasa NOAyueHHHE BhpaweHua B (6.11), nmoayyum
nocae atrebparueckux npeobpazoBaHnii:
— oy ‘-.2
Fo=m(F—r3h),

. - d , 5. .
Fo=m 2+ rg)=" 2 (r29), (6.12)

F,=—m2.
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Cpasnnnas (6,10} n (6.12), noayuaem ypaeaeHdst ABUKEHHA SMEKTPOHA
8 JdKCHaALHOCHMMETPHYHOH MAMHHTHO-3NEKTPHYECKOH JaHae:

- ’:2 a{] ':IF‘ a (r ;1 :F}
it (3 £ 26500
d{r*s)  n d@rA)
ae ¢ ar ! f (6:13)
Z_T{aﬂ_ ’f_,;?iso}
- tloz e ¥ 9z J°

Bo BTOPOM K3 2TNX YPABHENWH Crpapa M CJAEBA CTOAT MOJHBIE MPON3-
poutnie. Muterpupya ero, noayuus:

2

rlo = Z—' ra LG (6.14)

[locroauuas unrerpuposanng C OUPEIEIASTCA M3 HAYAALHBX YCIOBRNH:
o T ) =
C= FaPa— rs Is (;—'1@)3, {6.15)

rie 3Ha4eHns r,, G, (4.}, orHOCATCs K Hayamsnofi Touke (Hanpuwep,
nCTOMHUKY 3aeKTpPoHOB). IlprveM, uto 1a4anBHAs TOYKA JEKAT BHE Mar-
JIHTHOrO TIOAT W uYTO HAaYafdbHad CKOPOCThL BACKTPOHA JEKUT B MEPHAHU-
atiHOol NAOCKOCTH, T, € uTO

{A?)azﬂ,
. ‘;Da:"_o'
Torna C=0 u
. A "
go:% Lr =L H, (2). (6.16)

JTUM YPABHEHWEM ONPEJENAeTCs CKOPOCTh BPAIUEHHAT IACKTPOHA BOKPYF
ocu. Tlocne Hecnomunix npeo6pa3oBaHufl NEpBOE U BTOPOE ypaBHe-

nua (6.13) npumyT BHIO
0 N a2
[U—_ 2t A"] !

or
0 | gz

Tloncrapnas ¢ioa aHayeHHA %i:-, %g u A, 3 tdopmyn (4.2), (4.3) u

b 11
|
-

(6.17)

tad
|

N

{6.4) n coXpands TOJBKG uNeHH HyZeBoH M mepsof cTeneHel OTHOCH-
TEARHO 7, TMONYYHM OA% MAPakCHaAbHLIX JAyuell ypaBHEHHS JBHKEHHA
B EBRIOE

v {2 T .
Pem— (074 5k ),

E — T‘(I”.

(6.18)

L
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Ecan n3 ypasuensit (6.18) HCKMOUMTL RpeEMs, MCNOAL3YS COOTHOLDEHHS:

___F " Fz— ¥ 2
f-—-—é—, r :T, 2‘=2‘I"|(I),

TO MBl IIOAYYWM YPABHEHHE 3ASKTPOHHLIX Jyuell B BUIE
Pt g g {7 gl ) =0 (6.19)
20 49 2c27°0 ’ '

Ypanuenne (6.19) npuw Hy==0 nepexoiut B ypaeeeawe (5.7), a npu
P=0"=0 nu O=const=1_/, ({/y — noTeHUHan DPOCTPAHCTBA, 3aH%-
TOro NMOAEM AHH3H) AJA YHCTO MarHHETHOH JNUH3H aeT

i 2
.r”‘—:*-m Hﬁr:O. (6.20)
Ypasuaerns (6.19) u (6.20) apasAi0TCd YPABHEHUAMKE TPAEKTOPHH SNEKTPOK-
HHIX JAy4€l, OTHECSHHHIMA K KOOPIMHATaM, BDANMAOILMMCA C  YIJI0BOH
CKOPOCThID @ BMecTe ¢ 3nekTponavi. OHH ARHEHHH OTHOCHTEARHO 7,
H r’ n OTAHYAIOTCA DT paHee HCC/AeNOBAHHOTO ypaBHeHUs (5.7) TONBKO
3HaueHueM xo3gduuncnra npu r. Ilosromy namnoe B § 5 a0Ka3aTenscTBO
CYNMIECTROBAHHA HEUCK2KCHHOTO HM300paXKCHHS B NapaKCHAbHEIX Aydax
MOKET OHTb NOJHOCTLIO MOBTOPEHO. Ho 0nuopoaHOCTE MO OTHOWEHHIO
K 9ACKTPOCTaTHYUeCKOMY noteHunuaay @ o ero Mpou3BoIHHM HE COXpPaHU-
Nach, TaK YTO NPONOPHMOHANBHOE M3MEHEHHE TNOTEHUMANIOB 3JEKTPOI0B
H3MEHSET TPICKTOPHHA 3JIeKTpoHOB., Ecan 0O6BEKT AEKHT B MarHATHOM
noae u ¢, 7= 0, 10 dopmyna (6.16) CTaHOBATCH HENPUMEHHMOH, 0IHAKO
MOSKHO JOKd43aTh, Y70 HAPaKCHAALHHE JAYUY# [JI0T HEUCKAKEBHOE wu30-
6paxenne, Ha npakTuke 00LEKT 4aCTO OKA3HIBAETCA AEKAUHM B MarHWT-
HOM NOMe JUH3W W 3TO HE BHOCHT HHKAKHX OCJAOKHEHMH, TaK Kak, B
OTAHUHE OT BJCKTPUUECKHX NOAEH, MarnUTHOE 0N0JE€ HE HMCKAKAETCA TpH-
CYTCTBAEM B NOJe HePeppOMarHRTHOrO Tena,

Ypaenenuns (6.16) n (6.17) mOKa3HBA0T, YTO JABHWKEHUE 3ACKTPOHOR
uepe3 aKCHANLHOCHMMETPUYHOE KOMOHHHPOBAHHOE 3JeKTPHYeCKOe W Mar-
HUTHOE T0J€ MOWHO PACCMaTPHRBATh KAaK COCTOALLEE N3 ABYX CJaralomux:
JBUKCGHAS B MEPUAHAHHOH NJIOCKOCTH, ONUCHBAEMOro ypasneHnamu (6.17),
M BpauleHus B 3KBATOPHaNbHOW NMJIOCKOCTH € VIrJA0BOR CKOPOCTHIO, Onpe-
zeanemolt ypaenenuen (6.16). OCHoBHOH HHTEPEC IJS TEOPHH MarHuTHO-
SACKTPUYECKUX NHH3 HMEeT IBUKCHWE B MEPUAHAHHOH NOCKOCTH, TaK
KaK BDalaTe/nHOE IBHXKEHHE NPHBOYHT TOJABKO K MOBOPOTY H300pawke-
H#d, UTO OOHYHO HE UMEeT 3I1aYEHUS.

Hanxenne BG BPAAIOWIEHCH MEPAAWAHHOR MAOCKOCTH, KaK BHIHO H3
ypagHeHuil (6.17), COBNazaeT ¢ OBRAEHWEM B SAEKTPOCTATHYECKOM MOAL,
MMEIOLIEM NOTEHILM A

Woae___ g7 Y
Upp=U— 2c? Ay=U 8t

r" 2
E.H .
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CAhenoBaTenbHO, HAS 3TOH CJ'P&I':E!EOI.IIEﬂ JABUMEHHMH MOKHO BBECTH HOKJ3a-

Tedb NPETOMAEHUA Mg, MPONOPUHOHATLHEIH VUEH, W wenoas3opath ans
HAYUENNAS JBUKEHHS B KOMOMHADOBIHHOM NOJE METOIb TeOMETPHYECKOH
3AEKTPOHHONH ONTHKHU Kak AAd JBHAEHHS B 3JEKTDOCTaTHYECKOM Ti0Je.

4. TonkHe (KOpPOTKME) MArHKTHbleé JAHE3B. B paapueRinem Mu Oy-
A€M 3aHHMATHCA TOJABKO YHUCTO MArHMTHRMHA AWH3aMu, IlyCTe noae JHH3M
OTMEUEHO OT HYJSt MEAAY NMJOCKOCTAMH 2y U 25, 8 OOBEeKT M u3ohpame-
HHE HAXOHATCA BHE NoAs B roukax S n 8. Paccmotpnw onarh cHavana
cay4al «rouxo#» nauH3b, T. €. 6yaem CuMTaTb, 4TO PACCTORAHHA P H ¢
MHOFO 6ONBUIe TOAUIMHK AWHSH W YTO BHYTPH JHE3B paaHajJbHOe CMe-
HIEHNE IJEKTPOHA Majo Menserca (cM. puc. 30).

Yz ypasHenns (6.20), mHTerpupys €ro B mnpeienax noas JdEHSH OT
2; 10 23 TOAYYHN:

dr ]+ 5
_[Eg]al B2l Uo \ ri dz

Mexay z; u 2 10 NPEANONOKEHHIO, f =T, H T3K KaK

‘ﬂ’_f] ___to [d_f] "
dzlzs= ¢’ ldzls,— p*

TO MOCHE COKpaileHHa Had 7y NOJAYUEM.

1 2
—F—i— SCQU SHdZ

[peneasl MHTErPUPOBAHAS 21 W Z; MOXKHO 3aMEHHTh YEPE3 — 00 U -~ 0o,
TaK KaxK BHE aux3n noas Her, O6Ga (OKYCHMIX PacCTOSHHA JMH3bI 31€Ch
OJHHAKOBHI.

O6oanauan fag=—= — f| uepes f, MoxHOo $opMysy TOHKOH AnH3E 3anu-

C4Th B BAJL
La

1,1
h5+?=_ MUEHM (6.21)

51

: dw
¥rioBas CKOPOCTb 3ACKTPOHA = Ti Ho Hcxaouas Bpemn ¢

dt
NOMOilbI0 COOTHOUIEHHS, CNPABEAHBOrO AJIA MNapakKCHaJdbHBIX 3ANEKTPOHOB:

d_cp de dz __ 9]/-2 7

i at—dz dt
Oy YHML
dcp—'l,/ Tl )
2 + w } (6.22)
% i
o=V iz f L@iz=) g [ Heee
2] -_— 4

o,
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Beeay TOrO uYTO ¢ HE 3aRMCHT HH OT r, HA OT 7/, Yroa noBOpOIa
OyneT OoXMHAKOB ANA RCEX TO4YEK 00heKTa B Bce H3o0paxeHue nNOROpDa-
YUBAETCH Kak OJHO 1eNoe,

Bupawas H, B apcresax, a U/,—sp BombTax, copmynn (6.21) =
(6.22) MOXHO 3anucaTh B BHIE

10022 ([ 1
7= ) el (6.23)
|
15 ¢
10 .
o= j Hdz |pad]. (6.24)

W3 eupawenns (6.21) MOkKHO clenaTe €lU€ HEKOTOPbIE BuiBOAM. Tak
Kak ONTHUECKas CWA2 JHH3H {IPOMOPUMOHANbHA  YALJALHOMY  3apsiay

[
1]=r—n-, TO AnNs HOHOB OHAa BCeraa Mana, U MAarHPTHAas JHH34 MEIJIO'BCP-

dexTHBHa B WOHHOH onTHKe. Vla To#t ke (hOpMYAH JUH3K MOAHO VBH-

HeThb, KaKOe 3HAUEHHe WMEeeT 3KpaHupoBanwe. Bepremcs onste K KpuBwM

puc. 43 » pasbepeM, Kak MEHAKTCS NPH NEPeXoAe OT OaHOMH KpHBOH K

apyroft NOBOPOT H30OPAXKCHHA ¥ ONTHYECKas CHNA JUH3BE, B YacTHOCTH,
-+ o0

nalizem, KOraa onrtnyeckas cuaa Hanbosbwaa, Tak Kak jl Hdz ocraerca

— 0}
NOCTOAHHBIM, TO MOBOPOT H3oOpaweHns He MeHsieTca. Ho onrnyecxas cuaa
-}
nPONOPUMOHaNbHA S Hidz, w CTOSmMYI0O TNEPEA HAMH MaTeMaTHYECKYIo
— o0

gamavy MOXHO cQOpMyaAHpoBaTh caeayomuM o6pa3oM: npH Kakwx ycdao-
I

BHAX OYAET UMETh MAKCUMZIBHOE 3HAYCHAE CYMMa 2 xi:xf—l_xj_}_, ..

b=
n

...~ Xa, ecam cymMma 2 xXp=xy-+%+...-Fx, ocraercs nocrosu-

k=1
n

Hoit? HasecTHo, qroZ X% GyHeT MMETh MaKCHMAMBLHYIO BEIRYHHY, €Can

| P |
n

OO0 H3 CHRara€MulX, HaNpUMED X, — 2 Xg: @ MPOUYHE CJaTraeMue Xy —
k=1
n
=x2=...=xm_1=xm+|='..=xn=0. C npyron CTDPOHH’ Z xi
k=1

PHHAMACT MHHAMAJLHOE 3JHAUEHWe, eClH X, == Xq=,,,=— X, 1. € CCIH
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BCE UY/EHH CYMMH DaBHE MeKAY coOOH. YcHaeHne He0IMHaKOBOCTH UieHOB
n

CyMMEl 2 Xp BCACT, CAEA0BATEABLHO, K YBCAHUYECHHIO CYMMBl KB4ApaTOB

k=l
n tw + o
V Xk Bo3Bpawnasch X HHTErpaaan S Hdz u 3 Hdz, moxno 3akmo-
|
k=1 — 0 -
4+ w v

i L
el

YHTh, UTO ECau S Hydz ocraetcs TOCTOUMHEM, TO \ Hidz, a 3nauuar,
Y o Tw

u 1/f Oyner tem Oonbme, 4eM CuJbHee (XaTO NOAE B OCEROM Uaipas-
AeHHH W uem Oonnwe F,. CyuecrBeHHo, uTo NpH 3TOM U adeppanuy JuH-
35l Y MEHLIIZIOTCA,

[To dopmyae (6.21) MOxKHO paccuuThiBaTh (DOKYCHOE DPacCTOSHHE TOH-
KHX JMH3, MCNOAbL3Ys dopuyast (6.1) — (6.3). BoapueM, Hanpuvep, HEIK-
PAHMPOBAHHYIO JddH3Y. Torja

2nR*wi!

M (2) = e g -

[ToactaBass Hy(2) B gopuyay {0.21), nocae HHTErpHPOBANHA OT — OO
10 - oo noAydUM:
i 3n?y,

+ = f5app @ (6.25)

anw, Bupases {/, B Boabrax, (w/) —B amnep-BHrkax K R, f—B caHru-

METPAX:
(wl) = 9,84 ]/ ”‘}R ;

— 96,8 LR
f=1968 .

21y POpMYAy MPUMEHAIOT K 9KPAHMPOBAHHHM JHH33W, BBOAS ROIPAaBOY-
HHl KO3pQPUHUHMEHT £, H NUIUYT ee B BHAE

UR

feae) (6.26)

CoOCTREHHO T'OBOPH, Y€ JJd9 HEIKPAHMDOBAHHEIX KATYIIEK, AJ4HA KOTO-
pHX HE MaAa N0 CPABHEHUIO ¢ PaRuyCOM, BEAMYHMHA & HEMHOro (Ha He-
CKOJIBKO COTHX) Goabmie eardHuusl. Jljas 5KpanvpOBaHABLIX KaTylleK g
OKa3pBAETCA HEeNOCTOAHHRM, Iag rpyGoff onenxn (POKyCHOrQ pacCTOAHMA
yacTo MoxHO npunsts g=—1,1 [JI, 1.9, ctp. 49—A5H0].

Ecny weneso 3akpaHa OGJA43KO K HACHINEHUI, Kag 370 Ooapell
yacThto OHIBAET HA MpakI¥Ke, TO pacApeleagHue 51044 BAOAL OCH
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BLIPLKAETCA (opMyaod (6.3) uw onTHueCKas Cu1a TOHKOH JAWH3H paBHA

e YT
1 Wy dz wmatly, =g
f 82, j f P A R 16027, ~  2a? (6.27)
(i+'§]
— a J
rie
vz a®
2. M
K - SC:"UQ ’

5. CHavHble MarHatHbie JAWH3bL POpMYIH, BHBEICHHBEIE ATY TOH-
KHX MACHATHHYX JAANH3, MOKa3BBAWOT, YTO HeT NPHNUUMNKEANBHEIX Npenat-
CTBUH JNS U3IrOTOBACHUR OYEHb KOPOTKOPOKYCHOH J4H3W H BMECTe €
TEM NOIXOARMEH noia onpelencHAe TOHKOR JHH3LL I8 3TOMG HYWKHO
NOAYYHTh CHAbHOE MArHUTHOE M0JAE W HAaCTOABKO C/AKATOE B OCEBOM Ha-
npasacHry, YyTOOH TOJMMHZ JHH3B OK333,1aCh MajNOH MO CpaBHEHHWO C
POKYCHNM PaCCTOSHHEM, T, €. HYXHO MNOAY4uTs GOoabinee sHavenue K3
npn ManoM a 3a cueT Muoxuteas Hyz. Cresosatenvho, npu f nopaixa
2—3 MM HY&HO, YTOOR TOJIHHHA JWH3W HE MPEBOCX0IMAa HECKOMbKUX
AecaThx MuaanmeTpa, [IpakTuyecku 5T0r0 He yaaerTcd A0CTHYb, # B 3JeK-
TPOHHOH MHKPOCKONHH, Ine rRaBHHM 06pa3oM waxoaatr cebe mnpumelne-
HHE CHABHBKE MATHUTHLIE JHH3b, NPHXONHWTCHE NOAL30OBATHLS  TOACTHIME
AMH3aMA, (DOKYCHOE pacCTOfSHHE KOTOPBX OZHPIO NOpaaKa € HX  TOJWH-
gol. Pacuer TOJACTHX JUH3 ropasio CloxKHee, 4€M KOPOIKWX, ¥ BO MIIO-
rHX OTHOLIENHH#X Teopus TOACTBX AMH3 HenmoAHa. Huxe MB KOpOTKO
OCTAHOBUMCA Ha HEKOTODHYX CBOHCTBAX KOPOTKO(OKYCHAHIX TOJACTHIX SAWH3.

Bocnoawsosasiunce Gopuynol {3.6), MOKHO YypPABHEHHE N4PARCHAND-
HBIX AYUYCH MPHBECTH K BHAY

H?
r +r8£;:,c’ : = =0 (6.28)
[1+5%]
DT0 ypaBHEHHE TIOJACTAHOBKOH .
—T. —_. s Wa?
y=7g: *=73; K==,
IPUBOANTCE K 6e3pa3MepHOMY BHOY
_y":;k'?___. (6.29)

He ocraHaeauBasgce Ha MeToIe pelienus ypaenenus (6.29), npuseaem
TOALKO PE3yJNBTAT B NEPEMEHHBIX I H 2.

r=a l/ l-{—z;:—,{C, sin [Vm_‘ arctg (;)]—}-

+ G cos[]/IW arctg (%)]} . (6.30)
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rae C; # Cy-—nocroannpe nurerpupoBanua. Yccnemys xoa JayueH sue
AUM3Bl, NAPAANEADHHX ONTHYECKOR OCH, MOXKHO Ha#td KapAHHaJAbHHE
TOUKH; B YaCTHOCTH, TOUKH, NpH KOTOPHX r=—=0, Oyayr d¢oxycamu. [lag
(POKYCHHX PacCTOAHWA MOJAYUAETCH BHPAHECHHE

i

f?z_fl___ k a - 31 }1:1, 2,..., nmax<1‘/—1+Ki.
smiIN —
[ VIFH@J

(6.31)

Takam oOpasowm, nyy, nNepBOHAaYaAbHO NAPALICALHBIH OCH, MOKET Mepe-
CEKaTh €@ HECKOABKO pa3, a HMEHHO:
npu K*<3 uMeercs 1 mapa ¢okycos,
» 3<K*<8 » 2 napsl doxycos,
» 8< K15 » 3 napbl OKYCOB M T. I
‘Ha pnc. 47 noxasan xoa Ayua, nNapaiieAsHOro OCH, BO Bpatlaroleics
MEPHAMAHHONA TAOCKOCTH 10 BNOAA B JIMH3Y HPH pa3umX suaueHuax K*

r/e,
£a ! l I
» 1
1 \\}r2= Hao 1 .
12 N Hn 12(2/a]?
a8 N\ T
¢l . “1 T H
04 \'\ WA ,q'z:d Iid
0 \\F ‘l IJJJ. EITHY]
-04 ".‘h‘/ oy
-2 f2=f
/ ] t
1,6 ! i
-18 ! : |
-0 -8 -6 -4 -2 § 2 4 & & 4wz

Puc. 47. Pazanynnie cayuau Xoaa ay4yeH B CHAbHOHA
MaTAHTHOH ANNH3E,

3alITPUXORAHHAS KPUBAg [AaeT pacnpeleeHue NOoAs BAOAb OCH AHH3EL
[Ipn Gosapwmx sHadeHudx K2 JAyu HECKONBKO pasd MEPEeceKaeT OCb, T. €.
HMEET HeCKOJbKO QOKYCOB, # COOTBETCTBEHHO 3TOMY JAuH3a ofpasyer
HeCKOMbKO m30Bpaxenud. Tak xak K nponopunonanvho alH2, 10, CWH-
Mafl Noae B OCEBOM HANPAaBJEHHH, MOKHO YHWYTOXHTL SBASHHE MHOTQ-
KPaTHOTO TNEpPECeueHHs.

MuorokpatHocTs usoGpaxeHuil MoxHo HaGnoAaTh Ha ONmre, ECan
PacmonoxuTh GOBEKT, AMH3Y ¥ 2KPaH HenoABMKHO (pHC. 48) ¥ yBeau-
UHBaTh TOK JIMHAH, TO KH300paXKeHHe HA SKpaHe TO MNOfABAAeTCd, TO HCUe-
3aer Heckonbko pas. Ha puc. 48 moxazam xox Jayuei, Korga Ha 3Kpaue
cPOoKyCcHpOBaHO TpEeTbE u306pakeHHe, B TO BPEMA Kak [ABa OCTaJbHMX
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PACNIONMKEHE MEAIY JHHIOH M 3KpPaHOM (IiepBOEC M300PaKeHuE JCHKHT
B rayfune Jinb3n). KauectBo nepeoro u3o0pakedds BHILIE W NOJSY-
yaeTcs OHO MpH MCHBILEM TOKE€ B JHH3E, TaKk YTO Ha NOP3KTHKe
npeanoyuTaloT paboTaTh HMEHHO € HHM, T. € fpa a=1 (cv. ¢op-

[ . = 1
syny (6.31)). Ias nepporo usobpamenus -?‘:sm I-}—/ﬁ—li?]y fTpu
mMasux  K* 310 swmpawende, Kak JErKO  NOKasath, O4eHb  0.113KO
K =K%2a, T. e, K ONTHUECKOH CHAe, PACCUHTAHHOR 1O OpMYJe TOMKOH
agHae {0.27).
YpaBHEHHE <«KOAOKGA000pasHOH» KpuBo#k MarHHTHOroO noas (8.3) Mmo-
ACT OBblTb HCIIOJH30BAHO HE TOABKO AdH ONPEIENSHUR KapAYMHAABHLIX

TOYEK MATHUTHOH AHH3B, HO NPH YUETe B YDABHEHUM SJCKTPOHHHX Jayueit

5

T

J M~y o o
2 : d

Puc. 48. MHOrokparHocrbs H3oGpaweHuil B CHIbHONA MATHH THO
MTHH3E,

]— pacrpelrerenirte MATHHTHOCO 001i; 2— O0BeKT; F— nAOLKOLTE MEepBOro
usobpameuns; ¢— LIOCKACTE BTOPOre M30GPANEHUA; S— MADCKOCTL Tpe-
Thelo H3oGpadeHun; 6— 3Kpan,

yaeHOB 00/€e BHCOKHMX IOpPSJKOB OTHOCUTEABHO r ¥ jAA pacuera alep-
pauuit, OnHT NOKA3BIBAET, YTO CBOUCTBA JMH3W, BLIYHCICHHHE TaKuM
nyrem, Oau3KA K ACHCTBHTENbHHIM W MOLYT OWTb WCHG/B3OBAHB [PH
KOHCTPYRPOBAHHH 3AEKTPOHHOOTITHUECKUX NPHOOpPOB.

Kark BUNHO #3 BCEro CKasaHHOTO B 3TOM paparpade, mas pacuerta
MarHMTHHX Jd4H3 HEeOOXO0AWMQ 3HaTh pacopejeneHde noAa BAOAL OCH.
Kpueas pacnpegenewus F,(Z) HeoGxozuMa W 1A A0Ab3OBaNHA (POPMY-
Aamu (6.2) n (06.3), Tak KaK W3 HeEE HaX0mdgTcd napamerpu H,, b, a.

Ma pas.MyHblX METONOB H3MEPEHHA HINMPAKCHHOCTH MACHHTHOTG NOAs
Yale BCErQ HCMOJAB3YIOT XOPOILO H3BECTHHIE DaANHCTHYECKUR METOA.

He oCTaHaBJAHBAACH Ha €ro OMUCAHRU, YKaOKEM TOJBKO, YTO €ro Tou-
HOCTH 3ABMCHT B HCPBYIC OuEPEeNs OT paaMepos npoOGHOH  KaTylIKH.
B 3KpaHUPOBaHHBIX KAaTYWKAaX {MarHUTHHX JHH33X) NIOJE HMEET 3daMCTHYIO
BE&JIUHUMHY TOMLKO HAa OueHb HeOOJbUIOM YYacIKe oCd, MHOTA3 AJAHHOH
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pcero 2—3 ma. Jlerko mnonats, yTo ecad TpebdyeTca CHATB KPHBYIO,
IETHKOM  YKAAABBAIOWYIOCS Ha 2—3 MM, TO HYXKHO B3ATh OUYEHb
MajJeHbKY® MNpPOOHYH0 OGanrANCTAYECKYW KATYWIKY KW O4E€Hb TOUHO C NO-
MOIWbIO CNELHAMbHOr0 MEXaHu3Ma (PHKCUDOBATL €C INOAOQKEHHE B HOIKE.

§ 7. AGeppanuu 37eKTPOHHMX JHHS

Paccvwarpueas MPOXOKACHAE TapPaKCHMaJdBHBX JAyuelt uepez 3jaeKTPOH-
HElE JHH3B, Mbl YCTaHOBUJAH, 4YTO NYYKH aAyueH, UCXONAIHX H3 ORHOH
TOYKH OObBeKTa, CXOASTCA B TOUHOCTH B oanofi Touke w3obpawedns
(cTAarMaTRueckue ny4ykn ayueH) u 4T0 NAOCKOMY QOBEKTY COOTBETCTHYET
HEHCKAKEHHOE TUIOCKOE M3o0paxeime, Teopuwo, NPHHKMAKIYI0 BO BHH-
vMadWe TOABKO NMapPaKCHaNbHEC JNYYH, HA3KIBAOT TEOPHEH NEPBOTO MOPALKaA
NAH, 3AEMCTBYS Ha3BaHWE M3 ONTHKHM, TaycCOBOH SACKTPOHHOH ONTHKOH.
Hano ckasare, 4ro Teopus NEPBOTG JIOPAIKA 4aCTIO0 XOPOWO OMpPaBAK-
f2eTCH: ONHT fIOKAIBIBAET, YTO 3ACKTPDOHHBIE JWH3B A1eACYBUTEABHO MOTYT
14BaTh OTYETAVBOE, MaNOMCKaxennoe wu3o0pawenne, TeM He MeHee npw
TILATEABHOM HCCAENOBAHHH O0OHADYAHMBAIOTCA OTCTYTUIEHHS OT ITPOCTHX
32KOHOB TEOPWA MEPBOFO MOpAIKA, MPHBOAAUME K UCKAKEHHAM u300pawe-
st wap aGeppannam. AGeppautn UMEIOT NEPBOCTENEHHOE 3HAYEHHE B BON-
pocax KauecTBa w300paKEHHE W pa3pelarcmel CHIR 3JEKTPOHHOONTUYE-
ckux npurbopos. Kak H B ONTHKE, HCcAenoBanne abeppaunh TpeGyeT ouenn
TPOMO3AKUX M YTOMHTENbHHX BHIYHCACHWH, T4K 4TO Mbi BRRYXAEGHH 3A€Ch
OTPaHHUATLCA HEMHOTAMH 33aMEYAHHMHA.

1. AGeppanHu B onTHKe. Ecan OCTaBUTH B CTOpPOHE JRPPaKIHOH-
HBlE siBACHER, TO aBepPailMi JNH3B MOXHO PA3IEAUTb HA XPOMATHYECKHE
H TCOMETPHYECKHE.

ITon xpomaruuecko# afeppaunedl nogpasymeBaloT OWMOKH M3006pame-
Hitd, BBI3BAHHBIC jauCnepcHeld, T. €. 3aBHCHMOCTBIO JIOKAa3aTe/a TnpeaoMae-
HUA OT JMJANHE BOJHM, Bcagncteue amcnepcun Geablii CB€T nperepnesaer
BHYTPH JAUH3bI COCKTPAJBHOE PA3NOKEHAE ¥ CTUTMATHUCCKHWE IYYKH Jyueh
Pa3HOHl NJAMHH BOJHEL CXOIATCS B pa3HHX Toukax 33 Jnuaci. B urtore
B MoGOR naockocTn nao0paxenne OVAeT DPasMHITHM U OKpalleHuwM. B
ONTHKE, B OCOBEHHOCTH B BHUAKWMOH YacTH CNEKTDPa, H3BECTHO MHOTQ NpO-
3PauHMX cped (F/aBHBIM OOPAa3OM CTEKON Pa3AHUHBIX COPTOB), o6naaaw-
IN¥X PaA3HOH AMCRepCHEed W pasHhIMH NOKazaTensMu mpenomsaends. Komonu-
HUpYS COoBupawiMe ¥ pacCeHBaloOlINe JIAH3L, CLENAHHBIE H3 PA3AHuHLIX
COPTOB CTEKOJ, MOXHO M3rOTOBHMTh aXpOMATHUECKYW JAHH3Y NOuTH Oes
XpoMaTudecko abeppaunnn,

INeomerpuueckne aGeppanun pasjensioTci HA abeppamuMp  LIAPOKAX
nyyroB U afeppanny KOCHX TOHKAX NYuYKkoB, M3 mepsux ans HAC ocobwift
AHTEpEC NpeacTaBadeT cpepryeckas afeppanus, uad OTBePCTHas OLIHOKa,
CYULHOCTE KOTOPOH 33KNIOUACTCA B TOM, 4TO OaM3KAE K OCH M nepunde-
pUufiHpIe Y“acTH JAH3H (QOKYCHPYIOT TOMONEHTPUYECKNE (BHXOAAIIME U3
OAHOH TOYKM B [POCTPANCTBe OOTBLEKTAa) JAYMM HA PAa3HHIX PaCCTOAHAAX
OT /AuH3B. ['OMOUEHTpRYECKUE /AYyuM, NpoilelilHe yeped OAA3KY K OCH
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YacT, coSupaowel NHH3E, COGHPAIOTCH AaNblUe, YEM JAVuY, fpoWesqe
yepes nepudepuiHy0 4acTh JAMH3IW, ¥ COOTBETCTBEHHO (POKYCHOE PacCTO-
AHWe A1A HUX Goablte, T. € foooue < Srenrp ,

Coepuneckas abeppauus cOOMPAOIMAXY JABH3 HA3KBACTCA TMOJAOKHTENb-
HOH. ¥ pacceMBAIOWMX JUH3 frooug > fuenrp M MX Cepuueckas abeppa-
s oTpHUaTeNsHa. Beaenctsue coepuueckod aGeppalnu WADOKHE NYYKH
AYUCH Jake ANl TOYEK, AEXAlMX Ha ONTAYECKOH OCH, TepsIoT CTHrMaruy-
HOCTh,H B IJIOCKOCTH H300PAKEHUS CBETALLANCH TOUKa OO TLEKTa A3ET KPYIKOK.

OueBnano, 410 cepuueckyro afeppauuic MOXHO CYIIECTBEHHO YMeHb-
IATL, AAaQParMUpyd JHB3Y W KEPTBYH, Takum 00Da3oM, SPKOCTBIO H3006-
paxensn. Ho B ONTHUECKUX MHCTPYyMEHTaxX PEAKO MPUXOAMICH npuberars
K auadparMupoBannio Aag ycTpaneHus coepuueckoh abeppaumn. Kombu-
HHDYHA JABEHSH  HAW [PUMEHSA JUHSH, Y KOTOPHX o00€ [OBEpPXHOCTH
HMEIOT pPasHie paluyCul KPHBHU3HE, MOXHO CBECTH Cdepryeckyio 20ep-
palMI0 MPaKTUYECKH K HYJAIO,

Ecan 06bexT BEAUK B HEKOTOPHE €ro TOYK# YHaNEHN OT OCH, TO B
ofpaaosannt u3oOpakenns 00433TEALAC YYACTBYIOT NYUKYM JayveH, CHIb-
HO HAaKJoWeHHRX K ocCH. Takue myuyxku Taxxe TepaloT CTArMaTHYHOCTL, X
TOuYKa 00BEeKTa M3006paxaerci B rayCCOBOH [AOCKOCTHE (TAaK HA3HBAWOT
IVIOCKOCTh  M300pamenusi, 06pa3coBaHHOrQ NapaEKCHaAbHBIMA JAY4aMH) Ue
TOYKOH, a‘naTHoM, BooGwle roeops, He uMewuinm Popmy kpyra. Maolpa-
TMEeHUE HA KpasX J[esacTC] Pa3MplTeIM, H, KpoMe Toro, Ha Kpasx ofHapy-
HEBATCA WCKakeHus Mmacwitada.

B onrtuke paspaloraHn MeTOAH YCTpanenus aleppaunfi KOCHX myu-
KOB mMyTeM KOMOHHHpOBaHMS JEH3. Ha npakTHKE OIZHOBPEMEHHOE ¥ NOYTH
[MOAHOE YCTPaHEHHE BCEX BHIOB FEOMETPUYECKHUX abeppannit Moxer
OKasaThCa CAOkHOH 3agaveli, Ho oOLMHG 3T0 # He HY¥HO, TaKk Kak
AOCTAaTOYHO YCTPAaHUThL TOABKO TOT BHA afeppaudfl, KoTopuH Hanboaece
BpeleH Iis paunoro npnbopa. Hanpumep, ans reaeckona Hago ycTpa-
HUTb TOABKO CgepHueckyio abeppaumio, a aGeppaldaMy KOCHX TYYKOB
MCOXHO npeHefpeyb.

Hsobpaxenne B onrnueckom npubope, adeppandnd KOTOPOTO HEe YCT-
PaHEHBH B JOCTaTOYHOH cTenens, 00pa3oBaHO HECTHTMATRYECKHMU Myu-
KaMu nyuelt, T. €, KaxaoH rouke o0beKTa Ha M30OPaKEHHH COOTBETCTBYET
NATHO KOHEYHHX pa3MepoB. PopMa N4THA B 3aBUCHUMOCTH OT TOFQ, Ka-
xaa vz abeppaunfi npeobsaxaer, Oyager pasauvna; npa opeobdiaasanun
cepuueckoil abeppatn, HanpuMep, 310 OyaeT KPYXOK. Paspemarotasg
cuna npubopa CHUXAETCA HEYCTPaHEHHHMH afeppaunuaMu, B KadyecTso
u306paXkeHUa YXyauaerca.

Kavectso u3o6paxenus, T. €. KOAWYECTBO JeTantell, KOTOpHie MOXKHO
YBUAETb Ha H300paKeHwWw, 3aBACAT OT Pa3pelHaeMoro PacCToAHus MpH-
Gopa. PaspeinaeMuM pacCTORHHEM Ha3HBAeTCE TO HAAMEHbIEE DPAaCcCTOos-
HHE, Hd KOTOPOM [OJAHH HAXOZMTLCA JBE TOYKR O0DBEKTa, YyTOOH npH
paccMOTpeHuHd uYepe3 npHOOP OHA NPEICTaBAsauch raazy Hadmonarens
pasaeneHHeMR. Beswuuna, oOparHas pa3speljacMoMy pacCcTOAHHAIG, HasLl-
BAETCA Paspeaniich cHAOR,
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M3secTHO, 4TO ANS HEBOODYMKEHHOFO 71432 PaspelaeMoe pacCToaHue
pasio B cpeaneM 0,1 wm. 3nauut, ecam ypendueHuwe mnpubopa M, To
(B “H€anLHOM Cayuae, Korga uao0paxeHne oO0pa3soBaHO CTHTMATHYE-
CKUME NYUYKAMH) pa3pellacmMoe PpacCTOSHHE B MHAARMETpax Oyaet

0,1
B""]ﬁ‘ (7.1}

Kazanoce Onl, Ha ocHosaHam {7.1), uT0, yBeawyusas M, MOxHO JoO-
GHTLCH CKOMb YroaHo Maaoro 6. Ho w3 BoaHoBOH ONTHKK M3BECTHO,
§T0 2TO He Tak, W thopmyaa (7.l) H Npn NOJAHOM OTCYTCTBMM abeppauni
NPUMECHHAM@ TOABKO A0 WM3BECTHOrO [MIPelena, OnpeaenieMoro JAudpakiid-
OHHBIMH SBACHUSMA. DTHM MUHHMZJALHHM 3HAYEHHEM pa3peinaeMoro pac-
CTOABMA  Dgy ONPEAEASEICS TEOPETHUECKH NOCTHXHMOE pa3peliaeMoe
paccTosiHue npubopa —— rpandia, MNepelrarHyTb 8a KOTODPYI HE MO3BO.IseT
BOMHOBAA NpHpoda cseta. Byzer nu OHa AOCTHrHYTA B ACHCTBHTEAbHOCTH,
34BUCAT OT TOrO, HACKOALKO HCHPABIEHB abeppalHi.

B cospemeHHux MAxpockonax aleppaudi  MCIPaBACHE  HACTOMLKO

1
XOPONIO, 4TO AHAMETP afeppalinOHHOFO KPYHKA MEHbLIES T)' U MUHH-

ManbHOE pa3pewaeMoe paccrTosHee ONU3KO K CBOEMY TEOPETHUECKOMY
npeaeay 8y, [JL A 1, 1. I, ra. 18 u /L. A, 2, 1. IIl, ra. 28]

2. AGeppaund B 9JeKTPOHHOH ontuke. B 3nexkTponHO# oOnNTHKe
abeppaliAH MOXHO OGHAPY KU Tk, U3y uasi TPICKTOPHA HE NAPAKCHANBHBX 3/EK-
TPOHOB. [LAf 3TOr0 B ypasHEHHMAX 3JEKTPOHHLIX TPAeKTOpUH Hafgo Coxpa-
HHTbL YJEHHl, cOJepxaiine r, r’, ¢,... HE TOABKO B NEPROM CTeneHd, HO
u B 0ojee BHCOKMX cTeneHax, Ha npaxkTure OKasnB3eTCs JOCTATOUHRIM
YYET YJEHOB MODPAIKa, CAEAYIOIEro 3a rnepsuiM, Hanpumep, aaa anextpo-
CTATHYECKHX JHUH3, HCNOIL3YA AJs DNOTERUHana GopMyay

U, =0 — (5] " @+ {5 ev@—...

¥ OTOpacuBas Mp# NpeoOpa3cBaHANX BCE YASHH J-TO NOPSAKZ OTHOCH-
TEABHO 7, I, MOXHO MOJYYUTh YPaBHEHUE BACKTPOHHHX AyueH, HMewowee
BHL

7t |1 (G — ‘I"")+r’=]+
+ [_|_ (‘I’" ‘D;:)—!—r”]_o (7.2) .

H3YYeHUe KOTOPOroc # MPHBOOWT K BaKJIIOYEHHI0 O CYUIECTBOBAHHH €O~
MeTpuueckux abeppaunit, aHaNnOTHUHHMX CYHISCTBYWOUIMM B OnTHKe. Kpome
TOrO, AAf8 MAaCHATHHX JHH3 CYNECTBYET HECKOJAbKO BHIOB HCKaXKEHEHA,
CBA3ABHHX C NMOBOPOTOM u300DAXKEHHA, H [OA8 JUH3 BCCX THIIOB Cyle-
CTBYET 32aBHCHMOCTb MOPEJNOMAAICILER CNGCOOHOCTH OT CKOPOCTH SJMEKT-

h
pOHOB, KOTOPYW, HMed B BAAY COOTHOLICHHE ).8=”-5, C/eJyeT Ha3BaTh
XpoMarnueckoil adeppanunct,
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Hakodel, B Kako#i-To Mepe Heu3OekH® Takke HCKAXKEHAs, Bbi3BaH-
Hul€ JeMEKTAMH KOHCTPYKLUH, HAaNPHMED HETOUHHM LEHTDHPOBAHHEM
DACKTPOIOR, H HCKAMEHUS H3-33 1OAA NPOCTPAHCTBEHROMO 3aPAla caMux
3JEKTPOHOB. DTO TaK HassiBaeMble aGeppauus 1-ro nopsaika.

Tak Kax B BAEKTPOHHOONTHUECKHX NPUOOpax dYame BCEro MPHXOAUTCA
HMETb IeA0 C NOAYYEHHEM H300paxeHHs OO0KhEKTa, LUEAHKOM JeXKalero
BOMH3H OCH JIMH3B, TO HAHDOAbIUAE MHTEpec NpeICTARASIOT XPOMAaTH-
YeCKHEe U Cheprueckue abeppauvi. '

3. Xpomatuueckasn aleppammsi. QueBniHo, 4TO A5 ObCTPHX JICK-
TPOHOB, OCTAIOMWHXCA B T10A¢ JHH3L MEHBUIEE BPEMS, HPEAOMAAONLAL
CHaa awobo#t auMsnl  Gyner Menblie. Ha npakTHke NOTOK 34eKTPOHOB,
NoNafaoUX B JNHUH3Y, HHKOriA2 He OHLB3eT MOHOXPOMATUuYE€CKHM M, {je-
JOBATEAbHO, 8 MIOOOH AWH3E BCETAA HMMEET MECTO XxpoMartrueckaa abep-
paung. Puc. 49 no3poaser COCTABUTH MNPEACTARAEHHE O MNPOUCXOXIEHHA

| [LA0CKOCITE St 3o

Piuc, 49. [Ipouacxoxienne xpoMaTHuyeckol abeppandd SIEKTPOHHDIX dMi3.

GLICTPLE DJACKTPOMbLl, — — — MELJIEHHBLIE HICETPOHBL,

STOre BHAAZ OWKOKN u30o6paxenus. Mexay Toukod Fg — doxycom
HauGodee OGoiCTpuIX B TOuko#  F, — okycow Haubojee MenJeH-
HWX JEKTPOHHHX AyueHd pacnosaraioTcs qoxkycw ocraibinx. Ha skpane,
NOCTABJAEHHOM B JOGOM MECTE, HOAYYHTCA BMECTO TOYKH — KPYHOK pac-
CeAHMsl, & MECTO H PasMepsl HanMeHbmero KpyxKa paccesnus Dp, Gy-
AYT B3AaBUCETb OT paclnpeaeneHus CKOPOCTEH SNEKTPOHOB, BXOAAUIHX B
JABH3Y, H (QOPMH TOAS JUH3HL

CymecTByer HeCKOAbKO MPHUMH, HAPYINAOWIMX MOHOXPOMATHUYHOCTb
ANEKTPOHOB. Bo-nepBuiX, BCAKHA KaToA JA€T HEOAHOPOAHHHA IO CKOPOCTH
HOTOK SACKTPOHOR, Bo-BTODHIX, €C/IH 3JEKTPOHAM Nepel JAH30H NpHXo-
JHTCA NODOXOOMTL 4Yepes CaoH sewecTna, pa3dbpoc CKOPOCTEH HOABASETCS
H3-33 HCOAWHAKOBOH [MJAOTHOCTH K/AM TOAUMHH B PasHuX MECTax Cao4,
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B-tpetbux, pasbpoc CKOpOCTER MOKET MOAYYHTbCH H3-32 xoaeGanni
VCKCPAIIET0 HANpaMeHus NP HEIOCTATOUWHOH ero CTalnausanum.
" IlepBas Npuunna 0COBGENHO CKA3WBAETCA B TaK HA3LIBAEMBIX UMMEDCH-
ounblx o6nexTtHBax (§ 36), roe Karoa norpyxeH B ToJe JAuH3H. Bo
BCEeX APYTUX CAYUAAX HanpsxeHue, NPOHBEraeMoe 3JEKTPOHaMH [fepeq,
BXOAOM B JUH3Y, BCEria OblBaeT BO MHOro pag G0ablu€ HHTEPBaya pas-
gpoca HaYaJbHBIX CKOPOCTeH#, KOTOpHE MNO3TOMY TNOYTH HE BIMKKOT HA
TPAEKTOpUU 3IAEKTPOHOB B AnH3e. (0 BTOPOH NPHYKHOR NPUXOANTCA
CYWTATHCS B 3JCKTPOHHOM MUKpOCKoOne, paloTawomem Ha npoceer. Iloa-
pofiHOe PacCMOTPEHRE DOJK XpoMatudecko# abeppaune B 3THX mpuGo-
pax Myl OTAOKHM A0 coOoTBeTCTBYMoinero mecra (4. II, ra. 4).

Bo3unKaeT BORPOC, MOXHO JMM HCHPABUTE XPOMATHUECKYHO abeppanuio
B JEKTPOHHOH OnTHKe, KOMOWHUDYA AMHSH nOJ00HO TOMY, KaK HCOpas-
AK1I0T XPOMaTHuECKYIo afeppaudio CTEKAAHHRIX JaMH3, K CoXalneHunio, 3To
HEBOSMOXKHO, TAK KaK I8 3TOro 1pebyercsd COCTaBWTh KOMOHHaURI M3
cobupaoulefl ¥ paccensarouiel MHH3 (C PasHBIMR (POKYCHBIMUM DPACCTOA-
HUAMH B CAHWHAKOBOH aucrnepcwnedl), a SAEKTPOHHAA ONTHKA HE 3HaeT pac-
CEHBAIIHX JHH3, 32 HCKAKUCHUEM CeTYaTHX JAHH3, HENPUIOAHHX a8
NOTYUEHAS KayecTBEHHOro H300PAaKEHRA, H JIMH3H-AUAQPArMBl  NpH
"By > Ee) (§ 8), koTOpYID, KaK $HAC ROKA3aHO, HeAb3s OGBENHHHTH
¢ APYIHMH JAHH3AMH B OIHY CHUCTEMY, IPONYCKAWULYIO 3NEKTPOHHME Jy4H,

Hrolpascerie

Pre, 50. Hcnpasaenwe xpoMmaTHueckcil afeppauud XEKTPOHHON
MUH3K C HOMOINLIO 3epKana.

GLieTPLHE PACKTPOHLE; — — — MERACHHLIE BJICKTPOHK.

ITpAHUMNMHAKBAC BO3MOXKHO ANS MCNPABACHUA XpoMaTHueckoht aGeppaurm
BOCTOJB30BATLCA EKTPOHHEIM 3epKanoM. POKycHOe paccrosHue saeK-
TPOHHOIO 3€PKaNa TOXKE PasAUUHO Add 3JNEKIPOHOB Da3HEX CKOPOCTEH,
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HO OHO B NPOTHBONOMOAKHOCTL JIVH3E MEHbIUE A7d4 OBCTPHIX 2JEKTPOHOB,
KOTOpHE rAyOAe HPOHUKAKT BHYTPh NOAA 3epKaia H OCTATCH TaM
poasiie. Ha puc. B0 1n0Ka3aHo, Kak MOKHO NOCTPOUTH XPOMATHUECKH
MCTIPABJCHHYI0 KOMOMHAUUIO M3 3epkana M n auwaw L. [lpakraueckora
NpHMEHEHHs TaKad KOMOWHAUMA [OKa He KHOAyuMna, -

4. Cdepuueckana aleppauun. Ilpuunnofi cgepuyeckod abeppauun
SIBAAETCA BECAMHAKOBOCTh (BOKYCHHIX DPacCTOAHMH NapaKCHaibHBIX Ayueh
M aAyued, MOMAAAKIMAX B NEPUPEPUAHYIO uaCTh JAMH3W, D12 HEQLUHAKO-
ROCTh CEf32HA C PA3jH4HOH 3ABHCHMOCTHIO PajHabHOR CRABR OT KOOP-
OUHaTH 7. JAs 3MeKTPOCTATHYECKOH JWH3H DAajHAJAbHAs cuaa pasHa

r a1
Fo=—eE,=—e®" ¢ ErQ(I)W.

Ilas MapakCHalIbHEX BAEKTPOHOB C JOCTATOYHOH TOYHOCTHIO

_ Pnapake gy
Fuapan'c —-—¢€ 2 (I8

Ong nepudepulHHX 31EKTPOHOB

r 1
Fropnp=——2¢ _@51491 DA 510 @IV,

nepud

] 1
Ec/i Ol B N0CAELHEM BHPAKEHRA OTCYTCTBOBANO CATACMOC € = Fhepug PV,

TO (QOKYCHHE paccToanus Nepathepulaoil 30HH AMHSH OmMK Obl TAKUMU
KEe, KaK OKYCHOE DACCTOIHME e€ NEHTPaAbHOH 30HM, T. €. He Onao 6u
cepuueckoft abGeppanun. CrenosarelbHO, KOMOOHEHTA PAAWaALHOH CHIABI,
OTBETCTBEHHas 32 cdepuueckyrs aleppauuio, €cAd NOAOKUTH AAd KparT-
KOCTH Fpepuy =1, BBID@Xaerca Gopmynoit

AF, = 7 er®V =ar’. (1.3)

B MarudTHON JHH3E @-KOMNOHEHT2 CKOPOCTH 3SAeKTpoHa {cM. dop-
Myan (6.16), (6.4) u (6.5)) Gymer

—rp—r 1A
V=rp=r—-F

]

11l ygr__ v
c r i er2_2c:H'*’r

R pagManbHas Cuia (HanpaeieHdHas K ocH), co3fasuas jeficreueM H, Ha
tp-KOMIIOHEHTY CKOPOCTH:

1 et
szz_?'gﬂsz:_'WrHﬂ=er§‘ (7.4)
To (6.5)
r\:. . r 4HIV
Hy=H,— (5 H;+ (5) 5
[TpuHEMAs BO DHAMAHAE TOALKO NEPBHH ¥ BTODOH UAEHM, MONYYHM:

) - * "g l " b ey
Fr=F;?=?r[Hﬂ—§,- HoJ =BrH, — = BrHH" ++ B s Hy*
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[TepBHil uieH mpaBo#l YacTH DAET KOMIOHEHTY DAA#@JAbHOR CH.H,
auHEHHU 33BHCAILYIO OT KOOpIMHATH 7. Orpaunursascc B BHPAKEHUH
aan F,, uaeHamu ¢ 7 u 7°, noayuawm:

1 - =
AF,—— 5 BHHr = br?, (7.5)

4

Taxkny ofpasom, B oBOHX CaAydYasx Ha nepupepaiiHpic SACKTPOHLI
JeACTBYET JONOJAHMTEAbHAs paluaibHas CHIA, NPONOpUHOHAABHAS KYOY
WX PATHANBHOTQ paccrognud. [Ias cobupamidX 3J€KTDOHHEX JHH3 OHA
OKa3ulBAETCA BCErZa HanpaBJCHHOH K OCH M NO3TOMY nepudepulinne 3eK-
TPOHHHE Ay4H (POXYCHDYHOTCA OJMKE K JHMH3E, YEM [aPAKCHATBHHE, T. €,
EC€ ZAEKTPOAHBE JUH3H HMEIOT NOAOKHTEABHYI0 chepuueckyio abeppa-
UHIO, KaK K cODMpAIOIHE ONTHYECKHE JHH3H.

1

-—

5

1
! §" " dep

}
I
]
H
i
I
I
i
§
i
1
1
'
1
]
4
Shurza —
]

|
|
|
1
i
Prc. 31. K pacuery chepuyeckoil abeppaun.

Ha puc. 51 noxasaw x01 nepudepuiiHnX ¥ TapakcuafbHHIX Jdyuyed,
TlapakcuaabHuth ayy mepecexaeTcs ¢ oCblo B Touke S’ — 3T0 n3obpae-
HHE TOUKH S B NapaKCHaAbHHX JYyyax, JeKallee B IMOCKOCTH MAEAILHOTO
u3o0pamenss (u1n rayccosof naockoCTH). [lepudepuiinmit ayw oTKIO-
HAETCA H4 YrOJA v, KW TNEPECEKIeT NNOCKOCTh HACAALHOIO H306pakKeHud
B Touke S”. ¥rnosoe OTKIOHEHUE B ORHOPOLHOM NOJE, Kak GO [oKa-
gaHo Bblile (§ 3), NPONOPUUOHAALHO OTKAOHAOmEHR cuie. B Hamtem cay-
4ae MOXHQ B NEPBOM NPHOAHKEHHH YYUTHIBATb TO/bBKO ACHCTBUE DALMA/b-
HOH OTKJOHSIOLIEN CHnl.

Paznenys OTK/IOHAKINEE 10J€ A¥H3IH Ha PSI TOHKHX CAUEB, MB B Npe-
Jenax Kaxuaoro CJAOA MOKEM CYHTATH [0J1I€ OAHODOAHHM W Yroa OTKJIO-
HEHHs TPONOPUHOHANLHLIM cHae, Cnla B npesenax Xawzoro ciaod Gyzer
COCTOATh U3 JABYX CHaraeMolX: YJEHa, COJAEeDKAMEro 7, — «fapaKchaaipHOH
Cib», B YNeHa ¢ r’— goGasouHo#l UM,
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Torza gonoAHUTEAbHOE YIVIOBOE OTKJAOHEHAE NCPHQEPHEHOrO 3JEK-
TpoHa Ay 6yIeT NPOMOPUHOHAABHO MHOKWTEMO 1Y, BXo/isleMY B Bmpa-
Keune Aas AononuuTeasHod cuaw AF.. Ilpn Maamx yraax At paccros-
nre §'S™ MoxHO 3amenutb wepes S'S”, W Takum o6pasom pasuyc abep-
PanioHHOro Kpyxka $'S” B maockocTn nueadbHOro n3obpawenins MOKHGO
BHIPa3HTb (HOPMYI0H

Fagep 2 8'S" A=z Cr?, (7.6)

Ecan anepryprulif yroa AWH3sl PaBeH %, TO QA KpaWHuX ayueit, onpe-
ACMIOIHY pa3Mepnt a0eppallHOHHOTO KDYAKAE, F, OYEBUIHO, NPONOPUHO-
H3JbHO o, B OKOQHYATEeNbHO AJf AxaMeTpa alepPalBOoHHOTD KPYHKA JHH3H
NOJYUUM;

2raﬁep=Cc.(br‘d" (7.7)

rne Ceq— KO3 puunent chepuyeckoil abeppauni,

Bume Omna pana tonbko rpy6o npubnuxenHnas ougHka cepmyeckolt
abeppauny. boaee TOUHBKC RaHHHE MOXKHO NOAYUHTb, HCCAGRYS 3NEKTPOH-
HBIE TPAEKTODUM, SKCMEPUMEHTANBHO MY TEOPETUYECKH.

[TocTpoeHde 3AEKTPOHHHX TPIEKTOPHHE NPHBOAMT K BHIBOLY, UTO
B 9MAEKTPOCTATHYECKHUX JHH3AX paccensaionias ofiacTs AaeT OTPULIATE/Ib-
Byt abeppaunio H cofupalolias — MOMOKUTEALHYIO M B HIOre AA BCelt
nun3n abeppaund NOAOKHTENbHA, MarHMTHRE JIMHBE TAKKE UMEIT N0/0-
MUTEAbHYIO abeppaudio, OTCloAa Caeayer, 4T0 W 37eCh OOMYHHE Aast
«CTEKJSHHOH» ONTHKH MeTox KOMGHHHUDOBIHHA JHH3 HE MOMXKET IIDHRECTH
Jake K HaCTHYHOMY HCOpaBAeHuio cepuueckot abeppauri.

Ins ucnpaeaenns cgepruyecko# aGeppausa ects Asa meToma. Cnenys
MEPBOMY K3 HHUYX, VMEHBIAIOT anepTypHul yroa a, XOra 3TO NPUBOAMT
K YMeHbWEHUIO 9proctr n3olpaxeuus. Ha coepemennom yposme 2nek-
TPOHHOH ONTHKH NPUXOAWTCA TOCTYINaTk HMenHo Tak. Hlappumep, B mar-
HUTHBIX 3J€KTPOHHHX MHKPOCKONAX anepTypHel# yron oSbpekTHBa OOHUHO
NOpaAKa JecsaTHX Aojed rpaayca. Ecam BCHOMHWTIB, YTO B CBETOBOM
MHKDOCKOIIE aneprypuele yrian MoryT jgocrarate 70° 1O menaercs acHsiM,
HaCKOABKO €lIe HECOBEPIUEHHH SMEKTPOHHNE JIMH3M N0 CPaBHCHWIO C On-
THYECKHUMH.

Bropoit Meroa oGeuiaer B KOHEHHOM CHETE JAYULLHE Pe3yabTaThl
Koappuunent C .y 3aBUCHT OT POPMEI [OJ5, U MOXHO MOCTABHTH 3aaauy
HAXOKNCHAS aKCHAZIbHOCUMMETPHUHOrO 110A8 ¢ HanMeHbluel cjepuyeckos
abeppaunei.

Srtum pompocom saHuMamuce O. Llepuep w nosmuee A. I. Baacos,
KOTOPOMY ¥JAaJOCh ONpPEAeAHuTh CTPYKTYPY MAFHHTHOIO TNOJAA JHH3H C
nanvMenpmed abeppaunedt. OgHako HaliTh cnocoB U3roTOBAEHHA /AUH3H
C Taxol CTPYKTypoit nojas OKa HE yAanoCs.

Bosee noapoGHHe CBeieHMA OTHOCHTENLHO MCIPABACHHA ChepHuecKoH
abeppauyin, a Takke U HajdoKenue obwell Teopru abeppaunt MOKHO
HalTH B CHEUHAIBHOH JHTepaType Mo sneKkTponuoh ontexe [JI1 1.1, J11.2,
J11.4).
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5. HoBwe nyTtn B paspaGoTke JHH3 ¢ MaJbiMH abeppanusmwu,
IHoanoe ucnpasieHue JeexTOB JWH3 ¢ NOMOLbID NoABOpd (popMu # pas-
MEDOB 3JEKTPOACB ¥ TMOANCHNX HAKOHCYHHKOR JIHH3 OKJ3bBACTCH HEBO3-
MOXKHBM, (JJHAKO B OPHHLHKIEC BO3MOXHQ HUCADABHTe JAHWH3Y, €C.M BBECTH
H HEE NMPOCTPAHCTBEHHRA 3apdai.

Hanpumep, OTpunaTeIbHmit OpPOCTPaHCTBEHHRE 3apsi, CHMMETPUUHO
PACNPEacneHHpll B AMH3e, OyJAeT YMEHBINATh PafuadbHYIO CHAY U IIPRIOM
cuabtiee 1. NepHPepuiiHbX SACKTPOHOB, YEM AJAf DApaKCHadbHBIX, TaK
40 (POKYCHOE paccTOsiHnE nepudepuliHsix 30H JHH3B YBEJAHUHTCS GOonblle,
yeM Jds CpeiHuX. TeoperduecKH CcyUeCcTBYeT, SHAYHT, TaKOE pacnpeie-
JACHWE NPOCTPAanCTBEHHOrO 32pdia, Npd KOTopoM cdrepuueckasl abeppauns
GyieT ucnpasneHa. K COMaNCHUIO, HPAaKTHYECKM 3ajava CQ3JaHMa BHYTPU
JAMH3W KOHTPO/HPYEMOr0 NPOCTPAHCTBEHHOrO 3apsla OueHb CJAOKHA, Tem
He MeHee Ob/AM CAEJaHH YCNEWIHKE TIOOBTKHM 0OJy4YeHus n300pameHus
¢ OOMOBI0 AONOCHHIX <«JIHH3 NPOCTPANCTBEHHOIG 3apajlar, 0JHAKO MNOKa
NOJAVYEHBl H300paKEeHUA OYEHb MAOXOr0 KadvecTBa.

He caeayer Takike salpBaTh, YTQ TEOPHH ISKTPOHHOR ONTHUKH Da3-
palaTHBACTCH CPABHMTEALHO HEAABHO, H MOXKNO HAAECATLLS, 410 € yaacTcH
AOOHTHCH VCIIEXOB B OTHICKAHWA No/ieH ¢ HaMMEHbWHMM abeppalusMH.

B sTo#f cuasu cAeAyeT YKa3arh HA PaloTH uA-KOPP. AKAACMHM HayK
CCCP TI'. A, TpunGepra [J/1. A, 3], B KOTOPHX j2€TCA HOBHl NOAX0A
K DeIlieHHI0 33134 3JeKTPOHHOH ONTUKKA. BMecto 1oro 4to0mn OTHICKHBATH
SJACKTPOHHBIE TPAGKTOPMU B 3aMaHHMX ntoaax, [ puanbepr pewaer obpar-
HYI0 33daqy O HAXOKACHHH 710/, B KOTOPOM MOJAYYATCE 3M€KTPOHHLE
TpaekTopuh 3aganHod (opmpt. Caeays sToMy MeTOLy, OpPH pELIEHUH
NPAKTHYECKHX 32784 CHa4asa HYXKHO, HCX0ad M3 HasHaueHua npubopa,
BolOpaTh OPMY MYUKA FNEKTPOHHLIX TPACKTOPHUH, 3aTeM ONPEAENHUTD 10]€
H, HAKOHEL, 3Has [oae, HalTH QGOPMY 3INEKTPOAOER H HX HANPAKEHHS,
B cayuae »sagxTpHueckoro noas, OUEBHAHO, AOCTATOYHO TPHIATHL ABYM
SNEKTPOAAM POPMY TEOPETHUECKH HARASHHWX 3KBHNOOTEHIMNAJILHKX TOBEPX-
HOCTEH W NOAaTh Ha HAX COOTBETCTBYIOIUME HANPANMEHMS, TOLAd MEKAY
FTHMH  INEKTPOJaMM M IIOAYYHTCH HCKOMOe noqe. [Iyyox TpaekTopui
ganaerca BHOODOM HECKOJBLKHX TpaekropHit. Hanpumep, B caAyuae ocesoh
CAMMCTDHY B TyUKE€ TPAEKTOpHHE, NPOXOALILMX Yepes ABE 3a1aHHBIC TOUYKH,
KaK OKa3bBaeTCd, MOMHO NPOU3IBOABLHO BHOpPATL TOALKO JBE TPAEKTODHH,
ueM u onpegeasercs ¢opma scero nyuxka. Hekoropne uyacTame cayuau
NPUMEHEHUS TEOPHR PAaCCMOTPEN CaM aBTOP, HO B JAHTepaType MOSBAROCH
1I0Ka eme HemMHorg paloT no npumeHerdio Metoga [punbepra K pelue-
HAK MpaKTA4ECKHX 33javd.

§ 6. IocTpoeKne 3/eKTPOHHLIX TPACKTOPHA

1. Tpe6boBaHua K MeTOAAM NOCTPOCHHS 3IJNEKTPOHHBIX TPaeKTOPHR, Bbi-
JBHTAcMble NPaKTHKOA. MHOrTHe 3a1aud 3MeUTPOHAOH ONTUKH % CBOErO Pas-
peutenya TPeGYKT 3HAHMA YMEKTPOHHHX TpaexToPHH. Huke onucwBaoica BKpatie
HCKOTOpHE NpPHEMb AOCTPOCHHA TPACKTIOPHE SICKTPOHOB, IJaBHWM ofpasom
B 31€KTPHYECKHX NOJRX,
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BuosHracyule NPakTHKOH 34324K NO CBOCMY XaPaKTepy HeoIHHAKOBH, B ue-
KOTODPBIX ¢A¥4aAX TPebYeTCs CPaBHHTEILHO HETOUWHOE, HO OHCTPOE ONpeEJIeICHHE
GonbIoro yMcaa AMEKTPOHHHX TpaekTopui. B KaueCTse Opumepa MOXHO VKa3aTh
H2 pa3paboTKy KOHCTIPYKNHH BTOPHUHO3NEKIPOHHWX yMmpaoxuteredl (cM. § 34) —
npufopos, HMEUWHX COAbIMOEe YHCI0 3AEKTPOIOB CIOKHOK (OPMN € IILKTPUYE-
CKHM MOAEM, jJaxe upuOIHXKewnni pacyer KOT0pOro TpeGyeT yTOMHTEIBHHX Bhl-
qucaennit, B nponecce paspalorku NPUXOIHTCs H3MeHeHHEM (QOPMB H HalpHxke-
HHH 31eKTPoI0B N00HBaThCH, YTOGH TPAEKTOPHH SJEKTPOHOB MPHMATH KEDITETh-
Hyio thopumy. PopMa 3aexkTponos, nalidenHas B peavabTaTe HCCReloBaRMl, MOXeT
Onith ONpeAcieHa ¢ foBOABHO OOoJLIUBMH JONYCKAMH, B TeM HE MeHce MOXHO
AofM1bca Xopomrel paforw roroserc npu@opa, nOIOMpas HaNPAWEHUA HA 3ICK-
Tponax. C 3a7avaMd TAKOro e XapakIepa WNPHRIOLHTCH BCTPEYRTHCS TIKKe NpU
KOHCTPYMPOBAHHUY 3IEKTPOHHWX aaMi. HywHo, crejosateasHo, UMeTh NYCTh Nawe
He oYeHb TOUHHH, RO ue TpPYAOEMKHE CNOCO0 NOCTPOCHUA TPAEKTOPHH.

B Apyrux CIvuasx HKOHCTPYKTOD [OMKEH ONPeJEIHThL reoMeTpHio npiBopa
¢ MAKCHMalbHOH TOUHOCTLIO, TaK KaK B PYKAX padoTaOILEro ¢ rotrosnM npudo-
poM Vike He OYIET BO3MOMHOCTEH HCHOPABHTL €ro OmWHGKH ¢ ueMoulb AoaGopa
HaNPAKEHUl N3 IMEKTPodaX MI¥ TOxoB B oOMoTkax, [IpHMepoM MOXeT CIyXKUTb
pacucT JWH3 3IIEKTPOHHOrO MHKpockofia. Eciu mnoje JIMHIW MMeeT, HanpUMep,
6oabwyo cheprueckyio adeppanuow BCIEICTBHe HeyHaunoro seifopa GopMu AHa-
¢parm, WX TOIUMHD H PAcCTOAHHHE MEXAY HHUMM, TO pazpelsamuliaa cuaa Oyier
HEBEJIHKA H YCTPaHHTb 9TOT [e(eKT HIMCHCHHEM HANDAXCHHA HA THHIE YHE He
yraercs, Jna NpaBuabHOro pPacyera JHH3 MUKPOCKONA Tpelyerca OUeHb TOYHOE
NOCTPOEHHE IILKTPOHHAIX TPAEKTOpPHH,

Huxe OyneT 1aHo nNpeIcTaBleHHE TOIBKO O HEKOTOPHX CAMBX NPOCTHX CIio-
cofax mocTpoeHua 3IeKTpoHHWX Tpaektopuf [J1. 1.2, JI. 1.4, JI, L.5].

2, [lpocThie reomMeTprHueCKHe METOAM MOCTPOEHHA Tpaexrophii. [loyrn Bo
BCeX HRTEPeCHHX I UPAKTHKH CHYYAAX HPHIOAHTCH UMETH ARI0 € NOCTPOCHHEM
IOCKUX TPAeKTOPHA B DNJIOCKUX HAIH AKCHATBHOCHMMETPHYHBX SIEKTPHUSCKHX
fAoanx, KOTopele MOLYT OhiTs 3aiann AH6O0 cUCTeMOH SKBUNOTEHNHAILEHX JHHUH,
ASWAMX I8 OIOCKOrO 0038 B ILICCKOCTH, HEePREHIHMKYyaApHod K Tofi Koopaw-
Hate, 0T KOTOPOH NOTeRnuaa He 3aBHCAT {CM., HanpMmep, puc, 11), nin 8 mepu-
AHAHHOH MIOCKOCTH AKCHAJIbHOCUMMETDHYHOIQ 10A#, JHOO aHalIHTBYCCKY —- MaTe-
mMaTHueckumy ¢opuyitamu, HanomepM, 410 4 B NOCAC]AHEeM CIydae NAIEHO He
Blerfla YEAeTCA aHAAKTHUECKH PACCYHTATH TPACKTOPHH,

Ilyets node (akcHanbLHOCHMMETPHYHGE HWIM JIBYXMEPHOE) 3axadoe CHCTeMoOf
SKBHAOTERNHATLELIX JHHER U, ., ... (pHC. 52) ¥ TpebyercA onpeneruTe TpacK-
TOPHIO 3NEKTPOHE, BHXQJAUIEr0 H3 TOUKH A CO CKOPOCLTbIO, Aexamedl B i10CKO-
CTH PHCYHKa, B 3710M cayuze TPAeKTODHA — NIOCKAA KPUEAA, 3aMEHHM UCTHHHOE
pacupene;cHiie MOTeHNHaIa APHOMMMEBHRN, CUHTAA DOTEHUHAT CNEBd OT IKBH-
NOTeRUHANLHOR MiduH {/; MOCIOARALIM H PasHbM [/, NOTeHUHax MEXIY JIHHHAMH
Uy n Uy papEniy Uy ¥ T, X, DIeKTPORHRA /YU B 9TOM RpUOAMKCHHR £ocTonT
N3 pAla NPAMOAMHEHHHX OTPE3KOB, KOTOPHIE MOXHO HalTH M3 NEKTPOHHOONTH-
HeCKOro 3auoHa npexomiesud, B Touke B H3MeneRHe HanpasieHHA Jyua onpefe-
AUTCA W3 YCIO0BHA -

sinf, __ ih
sinl 1y — U’.

Haitna orcioga ry, cipousm otpesok BC, oupeneraem w3 ueprema f;, a r, naxo-

sin l.g Ug
LHM ONATh K3 33K0HA NPEAOMIBHAA ——— = .
Sifl Ie U,

MeTox HeToyeH, Taxk Kak ollMOGKa HayxalJHBaeT(A ¥ ONOCIeé HeCKOIbKHX 00-
CTpOeHHH MOXeT CTIaTh OYeHb 3HauHTeNbHOH, TeM He MeHee QH OKa3hBAETCA
pueHb (10Je3HbM, ecad Tpebyerca OBCTPO 101¥4YHIe OPHEHTHPOBONHEOE NpEJ-
CTaBIcHHE O TPACKIOPUHM Jyva.
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Boiee TouUHHE PEIAVABTATH UOAVYAIOTCA, €CIH IPEAlCAOKHTh, YTO MEKY
COCETHUMHA SKBUMOTEHMHATLHHMY JUHHAMH NOTEHIHAA HE OCTaeTCa MOCTOHHHLIM,
3 MeHseTcs AndelHo, W 3HAYHT, HAUPAKEHHOCTH NOAA MOCTOAHHA. B 37oM ciyuae
Ha KawJI0M Y4YacIKe AVra UCTHHHOH zyaexropﬂﬂ 3aMeHHTCR Avroft napaoan, 4
Ha SEBHNOTEHUMANbHWX JaWHmAx {fy, {5, ... OvayT aedats Mecta CTWKa OyC fa-

Pue, 52. [locTpoesdne 3aeLTpunHOf TPAEKTOPHA ¢ 110-
MOWbI0 3AEKTPOHHOOTITHUECKOIO 33KOHA fIPETOMIEHIIA.

pafon, rie oud JomkHH MMeTh OOU(YI0 Kacateabuyio. CyuleCcTBYOT YHCTO rpadw-
yecKHe NpHEeMbl MOCTPOEHHT SBEHBER T10MaHOM B mepBoM cnocobe u Ayr napabol
BC BTOpOM, ltoiBOIAOWHe o6oHTHCH 6e3 BHuHCICHHUi,

Tperek meton, 0CoOGeHHO npuroadbli A1 NOAeH € IKBHUIOTEHILHAILHHMH
NHHHAMH 603bMONA KPHBU3HL, OCHOBIH HA 3aMEHe Ayrn TPaeKTOPHH I¥rof kpyra
KPHBH3HB. Pagnyc KpHBH3IHBI TPAaeKTOPHH B KaKOH-HHOYAbL TOYKE MOMHO ONpeje-
AHTE H3 COOTHOIIEHHH:

(L]

o Y
"'}'?—=—€En, ﬂ"—-?nl U,
OTCi0Ja
207
R____Eﬂ . 8.1

3geck E, — caarapuias HaupsxeHHOCTH N0JA N0 HANpasIeHdn R

AORYCTHM, YTO MeXIY S3KBHOOTEHNHAIbHuME JuuuaMu I, u [J; {prc. 53)
AYFY TDPAEKTODHH MOXHO NPHOIMKEHHO 3ameduTb Ayrol xpyra. {Iycre 3aekrtpou
nepecekaeT dHuuo U/ B TouKe A co ckopocTeio V. [TocTpoum Hopmats AB K nu-
aud U, 4 oTa0kAM B10ab Hee BekTop E, pasusit no peauuune (/s — U }(AB).
Hepnennuxy®apu kK v, B touke A H K E B Touke B nepeceraiorca 8 C, M3

yepTeXa
Us— U (AB) _ Uy— 1,
(4B (ACY — (AC) -

En=.Esina=

O6o3nauan Cpennee 3Bavenne MoTenunata ueped U= , H3 (8.1)

Uy Us
2

101y YHM;

22U U o Ui f Uy, o
R=— gy (AO =7 (A0) = (40).

Uentp xpyra xpusuden @ #a puc, 53 noIyuurcs, TakuM o6pasoM, €Cau Mul
namenum seansuny AC B orHowenns (Up 4 Ug)/(U, —Us), [posoaa ua touun O

4 B, U. Tamwdos, = ¥
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pannycom QA I¥TY MexXIy SHBHNOTCHUMATBHWMER avuMaAMH U # [, MW fl0I¥-
M Ayry xpyra AD, 3amenawmyio Ayry tpaekTopud. [lepneHiInkyaAp K TMHUM
D0 » Touve D nacT HaupaBieEWe CKOPOCTH V, B TOuKe D), ¥ CA€I0BATEIBHO,
HMEIOTCH BCe faHHble NI NOCTPOCHHA CIely-
IOEro YYacTka TPAGKTOPHH,

MeTon anpokCUMHPYIOMAX KPYroB KpH-
BHIHK, YHOOH KT TOrTa, KOT A PaiiyC KPUBH3HL
HE CIMUIKOM BeIMK, MOXHO KOMOHHHPOBATH
C METOZOM JOMAHON HAH BUPOKCHMHPYIOMNX
ayr napabos, OH yuTepeces twe B 10M OT-
HOIHEHHH, YTO HAa HEM UCHOBAHE (IDIVARTO-
MaTHYECKHE [ aBTOMAaTHYECKHE METOZH LO-
CTPOCHNA THAEKTODHA Ha MOIEAAX, 110FPYXKeH=
HBiX B 3JCKTPOJIMTHUECKYIO Banny [J1. 1.2, va, 11}

3. MeTOA 4HCACHHOrO HHTETPHPOBaHHSA
YPaBHEHHA 3NEKTPOHHBIX Ayuel.

a) Metroxo ounpeneaedun -Tpa-
EKTOPHH B SNCHKTpHUECKOM NIQIe,
JIeKTPOHHYIC TPaeKTOPHIO MOXKHO HaliTH Ne-
TOAOM UHCTEHHOrO0 HHTEI PHPOBAHHSR YPAaBHEHHR
ek TpoHEWX ayyeit. [Ipowe Brero ato MokHO
cAerath, €CIH NPEABAPHTENLIO NPpeoGPa30BaTL

YP4BHCHHC
n D’ 1 b —
r +___-r +____r (]’

NOJOKHAB B HEM

: r=Rd (8.2
rjie K — HoBoe NepeMeHHoe,
Puc. 53. [Noctpoenne TpaecKTOPUU Ecau u3 (8.2) vaiitn r' u r" n BcTaBuUTL

¢ NOMOMIbI0 ANPOKCHMANMH TPa- B YPABHEHHE 3JeKTPOHHHX J¥Yel TO OHO CRe-
eXTOpHH JYraMd KpPYyI'OB KpH- ACTCA K YPaBHEHHIO
BH3IHE, R"-I—j (2-\‘:-
16 \ @
R asanerca ynruuefi ot z, [ycts @ (2) » P’ (2) nadgeHs fnytem pacuera 1oas
HAH M3 ONHTa. Bufepem nurepsal oT z a0 z-} Az u nupuMerus K R(z) 1 R'(2)
pasroxenHe B pay Teitnopa '
Az? }

R(z+82)=R@+R Az +R" () 5+ .0y |

R=¢; (8.3)

(8.4)

ﬁ 2
R(z+ 82) =R(2) +- R"(2) b2+ R"@) 5 +... |
bynem B (8.4) npepeGperath wuwienamy, CoIepWalmluMH Az B cremedax 2-it, 3-fi
H T. 4. Bocnoas3osagINCh ypanHedHHeM (8.3), noaydum:

Rl (Z + ﬂ2)= R' {z) ——% [%l'j2 R(Z) .’52,

R{z+A2)=R (2) + R (2) Az,

Ha popmyan (8.5) MoxHe onpenelnTh 3HaucHHAa R (24 32) u R'(z+ Az) aaa
KOHIa MHTepeafa Az, eciW OHH H3BECTHH J4A €70 Havaaa, 1. e. R (2} ¥ R'(2)
3ajannl. MomHo Becb yuaCTOK OCH B OpefeNax noasa JauH3nl PasbHTL HA QTALIb-
HBIE YYACTKH Az, AZ,, ... U HafiTu pal 3Havennd B (z 4 32)), R (7 -3z, 4 dz) + ...
» 3aTeM #3 (8.2) no usBecTHON dyuknua D(z) malitu r(z). Tem camum Oyjer
HalineHa W BCA TPASKTOPAA 3MEKTPOHA BHYTPH JAHH3M,

(8.5)
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O6uH0 HavanbHble 3HaveHHA r(z) H r'(z) OWBalT 3a12HW 114 TOYKH, 1e-
el Ha CpaRyHue notA JHA3W. HaupHmep, ecad M3BECTHO, YTO IACKTPOH BhIlUC]
13 KAKOH-HNOVIbL TOMKH BHC 1108 TOJ YIJIOM & K OCH Z, TO 3THM OVIAYT BNO.JHe
oupeIeTIensl 3HAYEHRA r(2() ¥ 7' (2,) B TOUKE ¢ Koopauuarof z=—z,, rie 31€K-
TPOH BXOIAHT B (1018 MHH3HL :

3uan aas 370l ToukH r(2)=r(z;)) 4 r{z)==r'(z,), Moxkuo Halith R(z)) K
R'{z,) U3 ypaBreHHH

_5
3

|
| -

r@=REA® ', rE@=RE@® '—LR@D & (86)

§ 3aTeM BHNOIHHTL ONHCAMHYIO BHIME MPOHEAYDY TOCTPOCHHSI TOUEK fpaexto-
HH,

v Or6pacuBanne uireHos ¢ Az®, Az® ... B ypaBHenudax (8.4) yMmenoiuaer tou-

HOCTD. Y UHTHIBAA UieHH ¢ Az?, BOZMONHO [EROH YCIOWHEHUS BHIYHCICHHH 004y~

yuTh GONEE TOUHBIE PE3yAbTaTH,

6) MeTom onpenetsedHyd TPACKTIOPHH B MATHHTHOM MoJde,
Bpamictine STEKTPOHOB CHILHO OCHOMHAET BHI TPacKTopUil 8 MATHHTHOM moae,
4o OGKHYHO F'TABHHH HHICpPEC NPEJNCTARIAET pAaAvaTsHoe PAacCTOAHHE IJ.IeKTpPUHA
r{z), 7. e. Haydeuue ABNKEHHA BO BPAIANILHCA MEPHIHAHHOH TNAOCKOCTH,
TPAeKTOPHIO KOTOPOTO MOXHO HOCTPOHTE, OCHOBHBAACL Ha IKCMEPUMEHTAIBHO
naiiieaton Kpusodl f/,(z) ¥ mepexoIA oT TOMKH K TouHe, MOAOBHO TOMY Kak
3710 OLI10 CABA4HO BhILIE IXAA TPACKTOPHK B 3EKTPOCTATHUECKOH ITHH3E,

1FN

Az ﬁZg 41123
Puc. 34. K [10CTPOEAHI0 TPACKTOPHA B MarHHIHOM
noje MeToNOM NpHOIIKeHHOro pacuera.

Pazo6heM oCb z B npeflesax DOXA JHH3bL HA MHTEPBatn A4z, A2, ... [ycre
Ha puc. 54 r, ¥ r,— 3a1aHHbLIEe HauafibHbhle 3HaveHHd, HaligeMm BeIuuMHw 7y, 1 r;
B KOHWE NepBoro MHTepBada, CuMras npubareHHO NOae B NPefenax yHTepsada
Az, OIHOPOIHHIM, IOXYUHM, YTO TPAEKTOPHA — OYra OKpyWHOCTH AD. U3 pricyrka

RP=(CDF + [R—(AC)*
Bauay MaiocTH ¥raor (dz; Malno) (C_—ﬁjm.&z. " (A_C-)a(i_)_B), H, npeHebperan
mazofl Beanuunoit (AC)?, noayyum, uMes B BULY, UTO B ~rh

s L
2R 2

—2R{DB)+ Azt =0, (DB)=
CTeN0BATEABHO (C¥. PHC. D4),
: » Az ]
ri==r,+rydz; -} 7, "5

' ] "
ry="re rjdz.

8.7

4+
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3nauenne rj MOMHO HAUTH M3 YPaBHEHAA I1CKTPOHHLIX NyYet B MArnuTHOH JHH3E

T
- SF:,E; H3 (24) 1o, (3.8)
rae H5(z,) onpeneanerca w3 SKCIepHMeHTadAbHOW Kpusohi f, (2). Uz (8.7) n {8.8)
MOXHO BBHIUMCIUTD Fy K r;. 3aTeM, BCXOAS N3 TIOAYYEHHWX F; M Fr;, MOKHO HaATH
L% WOHIA BTOPOTO0 WHTEpBana Az, BEIHUMHBL e H F, H, IEPEeX0Is OT TOUKY K
TOYKE, OfPeIeIHTb BCIO TPaeKropro., YMCAo YYyacTkos Az M BeAMYHHA HX BbiOH-
PawICce B COOTBETCTBUH C XeJaeMoll CTeNeHLI0O TOYHOQCTH.

Onucayne pAfla opyrux MeTOXOB, HO3BOAAIOMUX ¢ §0IbINOR TOYHOCTHIO Pac-
CYHTaTh TPAGKTOPHIO DILKTPOHA, MOWHO HAllTH B CHEUMANBHBIX PYKOBOICTBAX 1O
ANEKTPOHHOH ONTHKE,

4. OnpegencHue TPaeKTOPUH Ha rpaBHTANHOHHOA ™Mopaenn. PesunoBas
MemOpana. Metoa mopenu, namoadeHH ol paszpewedHsim rasomM. ITpuGop pan
onpeleieHun TPAEKTOPHH - 31eKTPOHOB, NPOINEAUIHE Yepe3 3NeKTPOHHYIO NHH3Y,
6wn onucay 8 § 3 (puc. 32). Ho mecrenopagpe TpaekTOpHM BHYTPH JIHH3, nGIe
KOTOPBIX HMEET OUEHE HEBGILI VIO IPOTAKEHHOCTD, BCTPeuaeT GOnbIUHE TPYIHOCTH,
OcobenH0o BEAUKR STH TPYIHOCTH 174 33eKTPOCTATHUECKHX JHH3, (101€ KOTODRIX
HCKaXaeTCA HAXOAAUMMCA BOAN3H JHH3L HIH BHYTPH flee 9KPAHOM,

B HEKOTOPHX CIYYaBX MOXHO OLPEeleduTh 3MeKTPOHHWE TPacKkTopHU € no-
Moubld Mogean. Hnxe onuran noayudsmnfi GoaplIoe PACIPOCTPAHEHHE METON
OfIpeRe1eHHA TPACKTOPHY B IIEKTPOCTATHYE CKHX ROXAX ¢ I[OMOIbBK TPaBHTa-
UHOHHOE MOOe H,

lns BCcAKOM MAOCKOCTH, NPOBENCHHON Yepes 3ICKTPOCTATHYRCKOE Hole, —
NycTh 370 OY[eT NIOCKOCTb Xy — MOXKHO DOCTPOUTh TIOREPXHGCTH

Z{x, yy=~kU(x, 3, (8.9)

rae I/ — noTeHuMas TOUKY UAOCKOCTH H £ -— NOCTORHAKNA NO0J0XBTEIbHLIH MHO-
wuTe b, [l0BEPXHOCTb, NOCTPOCHHYIO TAaKHM COCOGOM, HASWBAIGT NOTEHLHANLEHM
pexsedoNM [0 B NAOCKOCTH XV.

L4

rep =

Sooluie rozops, Bf;ED H cpja, NefiCTBYIOINAA HA 3ICKTPOH, HE TeKHT

B NWIOCKOCTH XV, Ho ecnuw nuoockocTs XY OpoBeleHa NEPNEBAUKYIAPHO K 3IKBY-
NOTEHUHAIEHBM TIOBEPXHBOCTAM ABYXMEPHOrO HIN aKCHAITRHOCHMMETPHYBOTO MTOIA,

ol’
0z
CKOCTH Xy, TO TPaeKTopus — NIOCKas KPUBad, BHL KOTOPOH MOWHO OnpelenuThb
Ra MojeIH.

MoTeHouatkHnd peabed, T. e, NMOBEPXHOCTH, B XawioR TOYKe KoTopo#
Z(x, ¥)== k{/{x, ¥), MOXHO BHJIEOTHTH H3 IACTHYECKOr0 Marepuara (maactw-
JMH, BOCK B 7. [1), NpHYeM IAH WCCIENOBAHHA JBHKEHUA 3JEKTPOHOB CIeAYyeT
B3ATH 3HAK MHHYC., 374 MOZe b 10I% MOWeT GbTh BHIOIHEHA, eCJH HYHHO, B
yBeauucRAoM Macwtabe, Hanpumep, noTesunansudit peaned NOI0CKOro TpHOIA
npy HanpsxeHUsx cetkw U,=—=-—23, — 12, —6, 8 U anoaHOM HanNpAWEHHU
{/, > 0 npeacTaBaeH Ha pHC, 5D,

Moxno nokaszars, 4To TPaCKTOPHA ITEKTPOHA MaI0 OTAHYAETCA OT TPREKTO-
PHH TAMENOH TOUKM, CKOAB3AIlEH Ge3 TPEHWA TON NeHCTBUEM CHIN TAMECIH MO
TIOTeHNHAIBHOMY peibedy, OCh 2 KOTOPOrO BEPTHKAIBHA. Y PaBHEHHE ABHKEHUA
SACKTPOHA B IMCKIPHHECKOM HOJE, NOTEHUHAd KOTODOTO 3aBHCHT TOABKO OT X M
¥, B BEeKTOpHOH (opMe MOXHO 3dNEcCaTh TakK:

- ‘;_:' = grad [U(x, ¥)] (8.10)

TMoTeAnAaabBan sueprus TAXKEIOH TOUKKM paBHa mgZ(x, y), H# YDaBHEBHe ee
ABAXEHHA MO peabedy HMEEeT BHA

10 = B 3rtom ¢1y¥uae, ¢CIH HaYaJdbHaA CKOPOCTL SACKTpPOHA JAEWHT B N.10-

m g-: = — mgycad {£(x, ¥)] 7+ R, (8.11)
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rie R —cHaa peakusi, HopMaipHas K peasedy (puc. 56). B npoexuun Ba nao-
CKOCTb X§ TPEEKTOPHS TAXeNOH Towky Gyjaer onpenennrbCs YPaBHEHHEM

w5 g gad (20 91+ R
WM TeK Kak Z{x, ¥)=— kU (x, ¥), rae k>0, To
m d;?— = mgk grad |U{x, ¥)] 4 Ry, (G12

Vpapuenne (8.12) oramuvaerca or ypaevewns (8.10) naivenem 4YJena R, —
UPOEKUHHE CHAH PEaKNMH Ha TOPU3OHTAILHYIO 0A0CKoCTb. Ecam peabed Besie
HMeeT OueHh Madbi HAKJAOH, TO CHJIA ny CY€Hb MaJa W YPIBHEHHA JBHKEHNH

dy

whil
T
ut
Ok

)

&

Psic. 55. ToTeHuHanbHbi# peabed TpHOXA UPH PA3IHYHLIZX HANPHKEHAAX
Ha cerke.

Ha pMcyHEAX MoKa3zadbt TDAEKTOPUH WAPUROR, BLIXOIAmKX ¢ ORUHAKOEWME HATLIBHEIMH
CHOROCTEME U3 pasibiX ToueK A¥HHM {J =0 ¥ cxareipasom¥ics no peakedy.

nouTH CoBnajawt. OTCIOXa credyer, §to, Ha6ai04a8 CBCPXY ABMECHWE TOYKH MO
peabedy, T. & CMOTPA N0 HANPABICHHIO OCH Z, MW YBHIHM TpaexTopuo, OGam3-
KY X TPAEKTOPHH 91CKTPOH2, MOXKG, KOHEUHO, NPONOPUBOHATHEHO YBEIRUATSH
PAasMEpH MOAENW, ¥ TOrl! TPEEKTODHA COOTBETCTBEHHO YBETHUMTCS, OCTaBAACH
cebe noA06HOA. OOBYHO TaK W ZEFAOT NPH MOJETUPOBIHHH HOICH ITCKTPOBA-
KYYMHBX npuafopos.
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JBHAKEHHE 3APHKEHHBIX UACTHIN B IEKTPUY, B MATH. IOJ9IX fI'J‘I. 1

B akcHaTbHOCHMMETPHUHOM NOAe CHA3, REHCTBYIOU{3H HA SICKTPOH, TIKHE
He MUMEET CJIACAI0MEN, NEPNenIHKYIAPHON K MEepHIHAHHON MIOCKOCTH, M TPIEKTO-

pHA 3JMEKTPOHa — NAOCKAH KPHBAR,

Jekautad B TOH M3 MEPHIHAHHLIX 1110CKO-

CTCH, B KOTOPOR J1eMWHT HAYadbHaf# CKODOCTh.

z)

——m e o ————

Y
/‘?

=Y

Prc, 56. K swBony dopmyan (8.12).

3HAUMT, HA rPABATANHOHHON MOACAN AKCHATEHOCHMMEIDWUUHONO 1008 MOWHO
MWCCIeNOBATL TPAECKTOPHN IACKTPOHOB B SASKTPOCTATHURCKUX Anu3ax. Hanpumep,
A8 OUPEOeICHUA TPACKTOPHR B OAMHOUHOH JMH3IE MONWHO HCIOIb30BAaTh H30-
Spaxennuft Ha puc. 37 NOTEHUWAALHHL penbed, rAe NPUHATO, YTO B YPABRCHUM
Z = kU B3AT 3HaK MHHYC ¢ HA3WHA yposewb peibeda COOTBEICTBYET HAPYK-

Puc. b7, ToreHnmareHw# peabed oau-
HOUMOR JHH3H.

WM IA3(parMaM, UMeCLIHM BHCOKA
MOTE¢HILHA .

Ha nppaktuxe Hccaegyiotr ABHXE-
HHE MAaJCHbKOIO CIAOKOTO HIApHKa,
Kartaweroca no peasedy. Ecauw pamnye
KPUBHIHG 10apHKA TIOBCIOAY MHOrO
MeHblle pPagHYCa KPHBHU3HH TPAEKTO-
pPrH, TO TPaeKTOPHN APHKA, KaK 3ITO
MOXKHO TOK43aTh, Gyger ouyens 6AM3Ka
K TPAaeKTOPUH TAKEIOH TOUKH, CKOIbe
asuled Ge3 Tpenms. Oka3uBaerca, 4To
AQUYCIAM PagnyC KPUBH3HEL TPAaeKTo-
PHHW, PaBHLIA NPHMEPHO WATHKPaTHOMY
PanEyYCy IIApHK].

HsrotosaeHne peribeda U3 naacTu-
IMHA WIH THICA TpebyeT MHOIO Bpeme-
HY, a TaK KaK LIA KAWAOFG COUeTaHHA
HaUPRXKenUA 9IEKTPONOB NpHUAETCA u3-
TOTOBJAATE OCOGYI0 MOMNEIh, TO B TAKOM

sHie MeTOol HenpakTAdecH. Ho 144 niockux noaeH O0TeRuHasuHufl peibed MOXKHO
noaAyyuTL GuicTpo H 6e3 BCAKHMZ BHIUHCIEHUSt METOAOM PE3HHOBOR MeMOpaHhl.
Pessnosan smeMOpaHa apelctasaneT coloifl TOHKHI, PasHOMEDPHO PACTAHYTHH
AUCT PEIUHL, YKPenacHHWi Ha ropusostarbHoll pase. [Iycts, wanpsmep, Mo
3a/aAMCh LEALKD MOZCTUPOBATh NOJAE NACCKOro IpHoaa ¢ CeTkofl B BAjIe pana
napanfesbinx crepMell v uyete U, >0 1 U, <<0, kak #a puc. 53, B nwboii
MAOCKOCTH ABYXMEPHOIO 00JH TPHOAR, NHEPNEHAMKYIAAPHOH K CTEPKHAM, OyUET
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0HN H TO e pacnpeneledye NoTeHIUAA, onpejelsemoe (opymosi 3TEKTPOIOB,
UX PACCTOSHUAMI W HaNpAWEHHAMW. }3roroBwB MoZedb 3ICKTPOAUER, 103BOJSI0-
U[VI0 LEepenBHraThL BBepX M BHHMI M 3aKPERJIATH aHOX A 11 CTepwHu cetkx C,
VCTAUaBAHBAIOT CTEPXKHE CeTKH HA [£o)ey ~{/; B R HI¢ ypoBHH KaToaa, a ILIa-
cTUHY awoma Ha [Zz]q~U; snxe. Tloasexem teneps mogean 31CKTPoJOR
CHHEY K MeMODANC ¢ TaKkHM pacueroM, utoOW BEPXHHH CpPe3 MIACTHHE Katoaa
GKa327CH8 KAK pa3 Ha yvporue MembBpann. MembOpana MIOTHO JAXeT Ha Cpe3sl
crepkicH ceTkl, 4 4100 OGCCHCHITh €¢ IPUJeTaniie K BEPXHEMY Cpe3y 1Ia-
CTHHBL GHOMA, IPHIKMEN Ce CBepXY GPpyoKOM RIH UPHKICHM K aHOTHOR HaacTuHe,
[Topep:ilocTs MeMOpaHb, Kaxk OyieT cefinac woxa3aHo, ¢ Xopoumds npndanxe-
HileM BUCTIPUH3BOINT NOTEHLKATLHHI peaned Tproga (puc. D8).

Pnc. 58. INMoayuenke noTeHuHaIsHoro peaseda 1prHoma
METGLOM pe3nHOBCH MemGpanm,

CTPCJ’IEHHH MOK3AIHLL TPACKTOPHH KATHAUHICH IADHEKOEB.
B camom Oe1¢, B MELTax CONPHKOCHOBEHHA JICKTPOIAOE H MCMGPHHH B hITT).T-
HEeHO VCIOBHE )

JTH COOTHOLIERHA TPEACTABIAOT YCAOBHSA HA FPaHHNax, W €CIH YZACTCA NOKa-
3aTh, 49T0¢ Z NONYHBAETCA TOMY Xe JuppepeHudaTEHOMY YpaBHeHHIO Jlamiaca
7 VA 0:Z .

g —+ Ty =0, KOTOpOMY NOAMUHAETCA TOTeHumnan {/, 10 Halile NoAOHEeHAe

G6yner nokasaso. Pacianyraa uemGpana Bceraa OpuHHMaeT Takyio GOopMy, 4T0
TIOIAJE €€ NOBEPXHOCTH MMEEeT MHMUMAALHYIO REIHYWHY, TaK KaK TPH 9TOM
€e 3HepruA OyRer nausmeHbine#t, B 5ToM pesnHoBaAa mem@pana COBCPUIEHHO [10-
Jo6HA MBIBHOH MICHKE Ha HPOBOAOYHOM KapKace (M3BECTIHHE H3 Kypca ofulei
¢u3nk onmTH {l1aTO HaZ NOBEPIHOCTHHIM HATAWEHHEM),

B audpepennuaicoHoi reoMeTpud ROKA3WBAETCH, UTO B AIOGOH Touke MHHY-
Ma/lbHHX HOBEPXHOCTEH CPeAHAA KDHBHIHA PaBHA TMOJAYCYMME TVIGBHBIX KPHBH3H

o= bk

rae Ry M R;— paguycH KPHBH3HH [AaBHWX B3aMMHO-TIEPTIEHIHK VIAPHHY HODe
MAaIbHHX CeueHdl, T. e. OAMH M3 HHUX HadGOALWIHH, a2 NPpYrodl HaUMeHbLIRH ¥),

*) Pamesckut [I. K, Kypc nupdepeutinaipnon reomerpau, locrex-
uasat, 1956, § 55, 56. bbep P
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[ast 1000t Apyrofi 11apy B3dHMHO-UCPUEHINKYIAPDHLIX HOPMAILHWX CEUEeHIt],
HMewILitX paalycu Kpusu3dnm R, w R, cobmonaercs paBEeHCTBO

! + . 4 ] — A

R "R, R R ’
npuuen aan MyHUMaabubix nopepxunocted A=0. Ecan memOpana Besic umect
He60IbINON HAKJIONH, KaK 3TO A0KHO OnThb ATA COXPANCHHA HOL0GHT TpacKToPI
IMEeKTPOHA W ulapuka, 1o dz<Zdx, dz-Zdy, U B ceucHHsx MeMOpanw ¢ Lao-
CKOCTRMY, HAPAATEABHBIME IHIOCKOCTHM 2.X 11 2y, R3¢ OvaeT

o2
| ox® N Uz | - 0%z
7 e TR
[l —I_ I.I\ d'r ) -

0TCI03
072 0’z |
v o TR TR

=0,

15 ™

uyto # TPeboBatoCh MOKA3aTh.

Ycropue MaioCcTH Harwba memMOpaHn, Kak (10Ka3biBacT B COULIACHH € ONLITOM
TEOPECTHYECKHUH PACUCT, BHIMOJHAETCA CULE YAOBIETBOPUTCIBHO, €CIH VINT HAKICHI
meMOpabl K [OPH3OHTAAbHOM IIOCKOCTH He npesuiuaer Hurge [5° Ilpu yraax

Puc, 59. ¥cradoBka Ans NPUMCHEHHMA METO/d PE3HHOBOM MeM-
6paHbl.

K — sexaHH3M 118 34anycka [(napHkoB iKatoly; & — creps®un  CeTHU;
A — anod.

HAKIOHA, MCHbinix €°, 1oTeRuHAILHLIE peaned) BOCHPOH3BOIUTCA MeMOpaHo
C TOYHOCTLIO, upesocxomawel [0/, lloabex W ouycxaHHe 3IEKTPOJIOR MOACIH
COOTBETCTBYIOT H3MCHEHUIO WX HANPsHEHHIT, Tak uTO He (IPeJicTaBANCT HUKAKOr o
TPYAa 33 KOPOTKGE BPCMA ONPCALAUTL G0ILILOC UICIO TPACKTOPHIT UPH PA3HLIX
ycaosuax. BoIbol TouuocTH MeTod pe3uHoBoil MeMOpPausl e facT, HO Ol DUCHD
101€38H B TeX CJIyuasX, Korja pacuer uoJcd 4 Tpackropuy rpebyeT MHOrO
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BPCMCHH M B TO MC BpeMA HeoOXOAHMO HCCACH08daTb 0O0JLINOE YHCAIO PAIHLIX
KOUCTPYKIMH 9TEKTPOIOB B Pa3THUHMX pekumax. Oco0eHHO 11ofe3eH MeTol pe-
3UHOBOH MeMOpaHm npH pa3padOTKaX 3MSKTPOHHBLIX AaMY H BTOPUUHOIMEKTPOH-
nbiX ymuowuteaci. TpackTopuio kartauierocs no memBpave mapica ¢ortorpadu-
PyWT, ocsellas npepusaiowimca csetom. [la canMke Orectawuit uwiapng Raer

Puc. 60. TlpuMep Crowdol 3IeKTPOHNOE TPAeKTOPHH B TpHOIE
npH /. =0, 10ayqCHHLI MeTOR0M PC3UHOBOH MeMOpailb.

ciell B BUJAE PSAA UEDTOUCK, 11O JMIMIIE KOTOPHIX MOXIO CYAHUTb 00 H3MCHCHHI
CKOPOCTH. ¥ CTanoBKa ¢ DPe3NioBoil MeMOpanolil [0Is MCCTeOBAHUA TPACKTOPHIT
g Tpuone u300Opaxcna #Ha puc. DY, a na puc. 60 npusencda dotorpapus caox-
HOrO NYTH, [oJyuawulerocda MpH nofsowureasqoll cetxke v U, <<U, =0 nasa
HECKOTOPHIX 3ACKTPOHOB,

M3 Apyrux 3KCHepHMeUTaTLILX METOA0B CONpCeACACHEA 3ICKTPOHHLX TpacK-
TOpUH CHeAyeT YUOMAUYTL O MeTojie HX BH3VANBHOMO HaGMIOICHHA UIK doTo-
rpadupoBadya B pa3pexenlioM rase. FTUM MCTOI0M HOMYYECHW TDACKTOPHH, BOC-
npoussegenHne Ha puc. [d. Meron, odvesnano, npuménum [Aad  oupefeneHus
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TPAaeKTOPHH KaK B 3JeKTPHYECKHX, TaK H B MArHUIHmX Hoxsx. OH vacto npu-
MeHsieTCd Ha [IpaKTHEe.

IIpHHNUTTHANBHLH HEROCTATOK METONE CBA3aH € TEM, YTO MH& NYTH 3JeKTpe-
HOB HPOHCXOJIHT HE TOAbKO BO3OYXACHHE, HO H MOHH3AHA Moackvi. ByopHuHue
3NeKTPOoHb JIHPHYHAUPYIOT 0T MECTa HOHW3Auud OHCTpee, ueM HMOHB, TaK YTO
BHVIPH J1¥4a H BOIM3IA Hero obpasverTcs [1OA0MHTIETbHH LPUCTPAHCTBEHHDI
3apsll, KOTOpbH, ¢ ONHOW CTOPOHb, NOAE3CH, TAK Kak HPelOoXPaiMET NYYOK 0T
PACNANBaHNA, KO MOwkeT, BooOlle roBOps, ¥3Menurs GopMY TpaekTopuu, Mowno
IYMaTh, ORHAaKOD, 4TO BJauAHME HMa (OPMY TPAEKTOPHH HECHAbHO, TaK KaK PO~
CTPAHCTBEHHBM K 3apA B 1IePBOM NPUOIMXKEHHH HQJIKEH CHMMETPHYHO Dacupeie-
JHThCA OTHOCUTERbHO 3MEKTPOHHOMO MY YKA.

§ 9. Tok, orpaHuveHnblii NPOCTPARCTBEHHBIM 3aPRAOM

Bo Bcex 10 CHX NOP PaCcCMOTPEHHHX TPHMEPAX JBIKEHHS 31EKTpo-
HOB BAHHHHE HX COOCTBEHHBLIX NOAeH MPENfNGNaraiolbh HE3HAYHTENbHbIM,
e ,yuuTEIBAKOCE WU H3MEHEHHe I[IOTeHLNa/Nd, HH H3IMEHeuHe TpaeKroputi,
BHI3BAHHOE BJHSIHEM 3apsafa 37eKTpoHos, EcaM niorHocTe 3aekrpor-
OO0 MPOCTPAHCTBEHHOTO 3apAAA HEBE/HKA, TaKOW NMOAX0A B AOCTaTOY-
HOH Mepe¢ OnpapaaH.

CyuwecTByer, OBHAKO, HEMANO NPAKTHUECKH BAKHBIX CAydHaeB, KOrja
BAMAHHEM TPOCTDAHCTBEHHOrO 3apsaia HHKOUM 006pasoM npeHelpeds
HeJgb3A., DT OHBaET 4Yallle BCEro TOF/Ia, KOTAd OJAHEM °H3 31eKTPOIOB
ABAACTCS SMUTTER ¢ OUYEHb OONBINOH IMHCCUOHHOR CNQCOBHOCTLI0O M
o0beM paspiaiHOTO MNMPOCTPAHCTBA OTHOCHTEABHO HEBEAHK, Kak 370
HMECT MECTO, HANpUMEp, B SIeKTPOHHWX JaMnax HWAH B MPHKaTOAHLIX
005acTAX SACKTPOMHHX MYIUEK. IMHTTEPOM. 3AECh CAYART TEPMOIICK-
TPOHHBIA KaTod, € KOTOPOrQo MOMHO CHHMarh TOKH BHCOKOH HNJOTHOCTH.
B6au3u T1epMO3NEKTPOHHOrO Karoja u obpasyerca 006aacTs, 3amoaneHHast
NPOCTPAHCTBEHHKWM 3apsaxoM OOJbINOR ONOTHOCTH, 33METHO H3MEHSIOIAM
pacnpeAeeHUe NOTCRUNAANA MEKAY DACKTPONAMHA M DETyJAHDYIOLHM YHC.I0
3MEKTPOHOB, YXOAAWMX W3 KaTtolXa. B Takux cAayuyasx roBopsiT O TOKe
MEXKAY DJIEKTPOAAMH, OrPAHMYEHHOM MNPOCTPAHCTECHHHM 34DANOM, HIH,
KOpoue, 0 TOKe NpPOCTPaHCTBEHHOIQ 3apsaa. -

Teopervueckoe pelIeHHe 3aJayd O TOKE DPOCTPAHCTBEHHOrO 3apaia
H pachpeneqeHrd NOTEHUMANa B ero [pPpUCYTCTBHR YAaAOCh HAliTH TOABKO
ONA HEMHOrHX CaMMX IIPOCTHX KOH(PUrypaunii “31eKTpoa0B, a HMEHHO
A5 DACKTPOAOB IMIOCKHX, UHAUHADHYECKHX ¥ CHECPHYECKHX.

Bo scex aTux cny4asx CHIOBBIE JUHMA NDAMOJHHERHE H TPACKTOPUH
3JEKTPOHOB, €CAH npeHefpeuyb HX H3YaJbHLWIMH CKOpPOCTAMH Ha Kavoie,
HeQOABIIAMY N0 BEJAHUHHE, TaKME MPAMOAKRHERHHE, (OAHAKO NepeuniIeH-
HBE [POCTHE (GOPMBL DAEKTPOAOB HMMET AO0CTATOUHO O/N3K0E CXOACTBO
C 3NEKTPOLAMH MHOMHX pPeajbHbiX 3JCKTPOHHHX npuGOpPOB, TAK UTO TEO-
peTHYecKull pazGop ITHX CAYYdeB NPEACTABAAET GOAbINOH TNPAKTHUECKWH
HHTEpEC.

Xora B ofmeM cnyyae He YHAeTCA PEIKTL 3aLavy TNOAHOCTbIO,
T. €. He Yyjaercd HaHTH pacnpeacneHue NOTEHUWAaAd H MPOCTPAHCTBE!-
HOrQ 3apdala K IOKOB H2 ACKTPOAB, BCE e MOAHO YCTEGHOBUTb HEKO-
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TOPHE JAKOHOMEPHOCTH, CHPABCILMUBHE ANA KAKOR yroauo ¢opmb 3.1ek-
TPOUOB.

IycTp 2A€KTPOHHBIA TOK TeueT B o0beMe, re KpoMe KaToad, MOTEH-
nsaa koroporo U, M NpHMEM PAaBHEM HYJIO, UMECTCH Elle HECKOJbKO
aekTpotos ¢ norennuasams U, U, ... Ilokakem cHavana, wro ecau
IPOH3RECTH NPONOPUHOHANLHOE H3MEHEHHE TOTEHLKana BO BCeMm ofLeMe,
T. & B KakZOH TOYKE TOTEHUMA] H3MEBMTE B OAWHAKOBOH Mepe, Ha-
npaMep B A Pa3, TO TPAEKTOPHH SAEKTPOHOB, BHIXOIAWIMX H3 Karonra

¢ Hyaepofl HaualibHOR CKOPOCTHLIO, HE HWIMEHATCA.
2

mu
B mobok touke noas ——2-_-=eU # npu savene {/— nl/ (rax mu Gy-

gem o003Ha4aTb W3MEHCHHE KAKHX-HUOYAb BEJWUUH NOBCIOAY B 11 pas)
CKOPOCTh M3menutTCd B n'/: pas, T. €. NPOM3OANET 3aMena ¥ — n''=v
Panryc KPHBH3HH TPA€KTODHH ONPEACTHTCH M3 COOTHOIIEHHH:
mo? mv® U :
— = —ekEp; =TT T s 9.1
R R R eﬂi dt ( )
dR R
ITpn zamene U — nl), 0uYEBAAHO, OLHOBPEMEHHO TPaJHEHT MOTEHINAAa

g}i_; 3aMEHUTCA Ha n%{}% U DaAHYC KPUBU3HH, 3 3HANWT, W Cama TpPZek-
TOpPHA HE H3MEHATCS.

Ecag npocTpaHCTBEHHOrO 3apaja HeT, TO NPONOPUNOHANBHOE H3IMCHE-
HHE TNOTEHIWaJa BO BCEX TOuKax ©00DbeMa NOAy4aeTca NPH IPONOPLUO-
Ha/JbHOM HU3MEHEHUM WOTEHIMAAOB BCEX  JEKTPOAOB MPH  3aMeHe
iy —=nly; Uy—nl/, ... (cM. ciocky aa crp. 53). Ho npn Hannuuy

NpoCTPpaHCTBCHHOrO 3apsié, Kak 3TC BHAHO W3 YDPABHCHHY H)’ECCOHE},
d' 4

3amena U -— nl/ o030auaer, 470 ONHOBPEMEHHO BO BCEM 00beMe ApPO-
U30LINO H3MEHEeHRe FMAOTHOCTH MNPOCTPAHCTBEHIEOrO 3apsja B 7 pas,
T. €. 3aMEHa § — Hp.

PaccmoTpum HeGoavliiof ofveM dV B MEXAYIAEKTPOIOHOM NPOCTpaH-
cree. IlpocTpancrBenBmit 3apaa 8 oObveme d1' coanaeTcd NpPpOXOAAIIMMY
yepes HEero 9JCKTPOHAMH, W TakAM 00pasoM, 3apan 3TOT NPSMO NPONOP-
WAOHANEH YUCAY BXOASWHX B OOLEM B €AUHALLY BPEMEHH 3JEKTPOHOB,
T. €. MJOTHOCTH TOKA [ M BpEMEHH T NpeGhBAHAA 3JeKTPOHOB B 00 veme 4V,
Ho t o6paTHo nponopuHOHAaibHO U M fIPH 3aMeHe U —» n'/:7 BeauuyuHz =
saMeHaeTcs Ha #~ '/t 3Haumr, AAR TOFo 4TOOH p — rp, RYKNHO, q-roﬁm
j—ntiz.

M3 cxa3zadHoro cJieiyer, UTO0 B MNDUCYTCTBHM 3NEKTPOHHBX TOKOB,
TEKYWIHX MEXKAY 3NEKTPOAaMHu TIpH NPONOPHHOHANBHOM U3MEHEHHH NOTeH-
unana {/ — nl/, ONHOBPEMEHHO NPOHCXOAAT 3AMEHE: TpPaAHEHTa [TOTEH-
nnana dUfdx — ndli/dx, ckopoctu v — n'/*v, NAOTHOCTH TOKA j-—> n'lzy
H OA0THOCTH [POCTPAHCTBEHHOTO 3apsaaa p — np. Ho 10 poKasanHOMY
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BLIUE TPAGKTOPHH 3JEKTPOHOB IIPH 3TOM HE MEHAOTCHE H 19 H3MEHeHus

NAOTHOCTH TOKA B A°'2 pa3 HYKHO npOCTO B n%: pas H3MEHWUTL KOAu-

YECTBO IJEKTPOHOB, YXOMMIEAX OT KarofAa, T. €. MJIOTHOCTb TOK3a Ha Ka-

ToRe f.. M3venenue j,— n*/3f  MOKHO 0DOJAYUHTHL MPH HaTMUHK NOAS HA

KaToAe, YBOAAUWErO OT HEr0 BCE IJCKTPOHR! (B TaK HA3LIBAEMOM DEXHME

HACHUIEHHR), MEHAA COOTBETCTBEHHO TeMNEpaTypy Katoga. ITO1 Cayuaft

HEMHTEPECEH An# NpakTHKH. o BO3MOXKEH pewuM, B KOTOPOM H3Me-

Henue j,— #7/y, Npa w3MEHEHnH

I, MOTCHUHAAOB 3MEKTPOAOB B A pA3

NMPOUCXOAHUT ABTOMATHUYECKH, NpaB-

a3, TpH CTIYIUEHHM HEKOTOpOoH
Hucaau3aliHy.

3 IIpeanonoxuM, 410 Karon cno-

cobeH 3MHTTAPOBATL HEOTDAHHYCH-

HO€ YHUCAC 3JAeKTPOHOB C HyncBof

HauajbHOR  cKopocTbio.  B6au3n

TAKOFO Kartoia IMa0THOCTb NPOCT-

0 —>=Z PaHCTBEHHOrO 3apaja BCerja ycra-

HaBAHBAETCS HA TAKOM YPOBHE, UTO

Y7 nNoA¢ Ha  NOBEPXHOCTH  KaToaad

E,=0.

B caMoM pgene, nyctb A0 Ha-

Yaja 3MUCCHH B XOJAQIHOM npubope

Pue. 61, pacnpedesneHHe MnOoTeHUHasla BAOAb

NepreHauKyaapa K Karony Ox nao-

6paxactca Kpusott / w B Touke O Oyger -g,%>0, T. €. N0JA€ YCKOpset

34eKTPOHK  (puc., 61), [Tocae Hauaaa 3MuCCHH BCIEACTBHE MNOSBACHUN
OTPHNATENBHOTQ NMPOCTPAHCTBEHHOTO 3apsaa KpuBas pacmpeiesedus Io-
TEHURANA HA4YHET NOHMKAThCA. IloxkaxkeM, 4TO mnpH HAUKX NPEANo;o-
MEHUAX OTHOCHTENBHO KAaTO/Ja DAaBHOBECHE YCTAHOBUTCA, €C/Ad HA Kartole

d
(dg) =0 (kpusas 3). B camom nene, ecin HECMOTPR HA Yke UpOHC-
K -

[ dl

\
MIEMMIEE CHUNEHHE | — - >0 (xpuBaa 2), TO IMUCCHA MPOXOMKAET
fK

3

BO3PacTaTh, TaK Kak KaTtea cnocobeH BHODPOCHTH CKOAb yroado Gonslice
HUCAQG IEKTPOHOB, W KPWBAdg [POJOIXKaeT MOHM®aTsCs. Ho ecnu kpuBas
«OPOBUCNA» HACTOABKQ, 4TO (%—\K CTaja MeHblHe HyAs (Kpneas 4), TO
5TO 3HAUYHT, YTO MOJE CTAAO Topmbmm, INEKTPORLl, @ TaK KaK CKOPOCTb
HX BHIJETR PaBHA HYJIO, TO 3MUCCAT HEMEAJEHHO MNPEKPATUTCH, p HAYHET
nagatk K Kpueaa Oyvaer nmogHuMatacd. OrCiona ACHO, YTO DMUCCHR BCErald
YCT2HOBHTCA Ha TaKOM YPOBHE, 4TO MOJE Ha Karode GyaeT paBHO HyJwo,

Ilpn usMeHeHNH HanpsiKCHUH Ha 3JACKTpPOAAY B n pas, T. €. OpPH
aamene U — al/, npoucxogut uamerenue pemuva. Ecanm npu sTom no-
BCIOAY NOTEHUMaN W3MEHHTCA B 71 Pa3 H VIOTHOCTH TOKAa B #°/3 paza, 10 8
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HOBOM pekuMe OYAYT yA08JE€TBOPATLCH YDAaBHEHHA: j=— — pU; 5= = el/;

Al/=—— 4=p o rpanuunsie yciaosHs. Ha Katoze npu 3TOM 1one ocraerca
fdl dl/ ‘\

PaBnLIM HYMO, H ycaosue [ —— | —» n{--—! tawwe ne uapymaercs. Cae-
X g dx /p

AOBATEALUO, AONKEH YCTAHOBUTBCA HMEHHO 10T PEAM, Y/10BJIETBOPSIO-

U YPEBHENIM 32301 1 CPAHRUINM  Vea0oBHaM ),

Tak wak o aw60H Touke paspsioro upocrpancrsa samena /—nl/
o0y cnosIeaeT 3aneuy f— i'':j, 1o

J=kU, (9.3a)

rae £k —uoctodaHHoft  Ko3adduumenr. Coortnomenne (9.3a) HazwBaCTCA
34K0HOM TPEX BTOPBIX.

Omiako dopMyaa j=— — pv Tepset CMBC, €CJAH CYUWECTRYIOT B O/IIOM
i1 TOM K€ MeCTe TMOTOKH 3IASKTPOHOB PA3HBIX  ualpasiaeHui (nanpusep,
BCTPEUIEKE). B 9TOM Cayuae 3aK0n Tpex sropsiX e suuodisercs. Takue
PEAKUMDI MaCTO BCTPEUAKTCH B MHOTOIICKTPOAILX  1PHOOPAN, HO BO3-
MOXKUBL U B AuoaaX. ToAbKO B AHOAAX NPOCTOR reomerpuueckofl (popl
(MAOCKHY, UHMAMHAPUUECKUX, cepryeckix) e Moker OblTb BCTPEYINX
IOTOKOB M K HUM B MOJHOH MEPe OTHOCHTCH BCE CKasaunoe solme. Oanako
TROPHIO AN0A0B npocTeimed (GopMel OKa3LIBISTCA BO3MOKIILM (CI01b30-
BATL JLASL MPAKTHNECKH BAKHKIX PEKMMOB B MUOIOIJECKTPOANLIX Lipnlopax.
dopmyay (9.33) A0a AORL MOWHO 3anucarh B BUAE

l,=BU,"*, (9.36)

rge 1, U, — anoaunsle Hanpswedun n 1ok U B — Kosdupuiinens, 3asncy-
Ui OT reoMerpun aioaa.

B peaspinx npufopax 1acto MOKHO CUMTATH HAYAJIBHYIO CKOPGCTH
3AeKTpoHoB ouenb Manoff. Torza, ecan TOK Ha KAatoae MHOTO MEHbLIIE
TOKA HACKILEHUS, T. €. 3MUCCHOHHAR CNOCOOHOCTE KaTOAd HCHOAB3YEICH
JAJMeKO HE MOAHOCTBIO, Mbl HMEEM yCA0sUs, AOCTartoduno OauskHe K [ll-
Oy € HACAAMIUPOBAHHBIM KaTOAO0M, OOmazaouiny Oeckoueyno 00buiof
IMUCCHOHHOR CNOCOBHOCTLIO, U 3AKOH «TPEX BLOPHLIX® BBIIOHIALTCH ¢ XO-
pPONIHA IPHOAKKEHHEN,

1. Ilnocxue saektponsl. ®opmyaa Yainsaa — Jlenrmwopa. Boine
OBIAO YKA32110, UTO [OJHOE pellelie 3a1avil O TOKE POCTPIHCITBEHHOT O
3apaiNa YUAeICs NMOJAYUYHTb TOJMBKO IR ILTOCKHXN, HHAUHNAPHYCCRHX 1t CPe-
PHUECKHEX 3IEKTPOROB.

JIas n10CcKHX 9aeKTpoaos pacuet sechMma npocT. M3 ypasuexnii

muv* . d*l/

=el), J=—, e T T d=p (9.4)

*) Crporo roBopH, cAeiyeT HIOKa3aTh, HTO PCXKHM, B KOTOpPOM IIOBCIONY

. 3 .
U—nll, j—n'2j "BIACTCH CANKCTBCHHO BO3MOKHBIM ([PH H3MCH UK Hal psi-
Wi Ha aackrponax {y — nl;, Ha 310M BOMPOCE Mbl OCTIHABTUBATLUA HE OyUCM,
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UCKJ4YaeM g v ©. [lonyuaeM ypasyeunune

P R v
=k T k= T (9.5)

3necn k£ — noctosaiian BEJTAUKIA, T4 KAk 0pu yOTarnousHBIIeMIs pe-
WHAME Hepes ¢y NAOIAAl 1a Mo00M paccrostiii oF Kartola (poxo-
JUT 00 0 Y0 e UHCAO SHEKTPOHOL. Ecan fimpaccromme MEHIY
KaToaAoM ©u anoaoMm, 1o YCJI0BUS Id TRHHHIAX MECAKAYDNERKTPOANOro Ipo-
CTPanCTBa HMCIOT BIA

(Ulem0=0, [Uleea=U, [j{jj =0 (9.6)

, aU
Yanokan (9.5) Ha 2?;, MOJAyUaeM:

2

dU U d {dU 2 R .
—_ - . —— f =4k S Jf i
R = ] Ayl = L)

OTcrona, NpuiMas BO BHUMAaHHE FPaHUuHble ycaosas (Y9.6), noayqmnm;

dU _—
— —9
T V kdx.

Bropoe unterpuposatine gaer

3

3 - =

A e A . Vau?
x Ut =21 kx, J= (9.7)

i Ha 4adode
3

S Y .
Ja=J= 19‘__ R (9.8)

U=, (%) . 9.9)

Haxkoren, u3 ypaBHeuus IlyaccoHa chenyer:

vt au 1 Uy (d _
= e = &%) - 910
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Ipabuxn gyuxumit {x) a p(x) npeacraBrenm w3 puc. 62. Kak
BHAHO, NJOTHOCTH NPOCTPAHCTBEHHOTO 3apsaa OHCTPO BO3PAcTaeT mno

Puc. 62, Pacopeneaenre {/ u p B ni10ckoM adone,

mepe npubamkenus K xatoday. Buwpaxaa U, B BoapTax u d B CaMTH-
metpax, Qopmyay (9.8) MOKHO MPEACTaBHTL B CAEAYIOLLEM BHAE:

3
U,®
di

ja=2,33- 107" [%] (9.11)

34KOH «Tpex BTOPHX»> s MAOCKUX SASKTPOJOB, YaCTO HA3HBacMhH
cdopmyaoii Yadinbna — Jlenrmopa, 6wt yctanosaen B 1909 r. Yaasaom
¥ MPHMEHEH K FIEKTPOHHOMY pa3pany Jlexrmiopow.

2. Unaunppuueckue 3asexrposn. Popmyaa Jenrmopa—borycaag-
ckoro. Ilepprie npumedsBluhecs Ha MPaKTIMKe JAHOAN # TPHOAB HMENH
OOBIYHO (HJAHHIPHYECKHE SJEKTPOAR; OTCIA3a — GOABUIOS MPAKTUUECKOE
H HCTOPHYECKOE 3HAYEHHE 33/aud 0 BHMYHCACHWH TOKa NPOCTPAHCTBEHHOTO
gapAla MEmAY UMAIHHAPUUECKUMH B3JEKTpojaMH. 3amaya 3Ta OKa3anach
MaTeMaTUuECKH CJAOXHOH, W mnpaBuAbHOE €€ pelieHsde OLlJI0 TOAYUEHO
ToXbKO B 1923 r. npod. Mockosckoro yuusepcutera C. A, borycaas-
ckus # JlenrmiopoM n Baomserr 8 CLUA. Mu 3s1ece u#3J0KHMM TOALKO
pPe3YAbTATH 3THX BHUHC/IEHHHA.

bynem noabL30BaThCA [IHAMBADHUYECKMMR KOODIAUHATaM#; 0003HauuM
pag¥yc KaTtojza r,, paadyc awoaa r, W ero AmuHy { u GyaeM Cuurath,
qro { > r,. [Torenuman 7 Gyaer ¢yskuned Toapko XoopanHate r. Tok Ha
€MHUIY JIIMHHE B10Ab OCH (MOTOHAAA TJAOTHOLTBL TOKa) OyJer

J == 2=r). (9.12)
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QueBn1HO, J He BaBKCHT OT f, TAK uTO TOK Ha €AUHULY LJMHH aHOIA
Jy=J=2mnr,j,. (9.13)
INonaras ondTs, YTO HA4aAbHAA CKOPOCTH HAEKTIPONOB HAa KAaTOAe pasna

HYJK, yDABHCHHS LAH 2TOro Cayvuyasg MOXKHO 321HCATe B BHAEL

&U | | dy
arf 'V r dr

-n—ni_z-—eU, J= — 2=rpo,

5 = — 4=p. (9.14)

Tperse W3 3TvX yparHeHuit — ypasHenue Ilyaccona, R KOTOpOE BRXOIAT
TOALKO MPOW3BOAHHE IO 7, Tak Kak {/ He 3aBUCUT HKH OT 2z, HY OT ¢.
Hcxknwuenne p n v 18 (9.14) naer

b al 2 I =
dr9 + rdr PP 7 (9.15)
Hano Habttu PCIIEHHE 2TOTO YPABHCHHA NIIpW 'DAHHYHHRX YCJOBHAX
* _ ai
(U)r-rl(""or {U)r-ra_'Ua’ {a—r__;r—rx_o. (916)

Ypaptenus (9.15) OCTalOTCA COPAREANHBHIMH ¥ AN CAYY3H BHEWIHEro Ka-
TO42, HO, pa3yMeeTcs, NpH APYTHX IPAHUYHHX YCAOBUAX.
ITpubnuxennoe pewenne ypaHeHus (9.15) moayuuTh OueHb NPGCTO.

U
IlyCThb r BACTOABKO BEANKO, 4TQ 4A€HOM ~dr B AEBOR YACTH MOXKHO
d?

_lg_ Vpasuerne (9.15) nocae 3a-

npenedbpeus MO CPABHEHUIO ¢ YJIEHOM aF

MeHn J Ha 2%/r npuUMeT BHi
U 4xj 1
=YV

370 ypaBHMeHHe COBHAR3eT C ypagHenueM (9.5) Ans NIOCKHX 3/1CKTPOAOS.
Tak Kak M rpaHUYHHE YCJIOBUA Ha 3NEKTPOOAX TE KE, 4rf0 H B NAOCKOM
CAy4de, TO PEIUEHUE, NPUrOAHOEC AAS OOJBIIKX 3HAYCHRHE 7 ¥ NIPHTOM
OAK3KAX K 75, KOrAa j MOXKHO CYMTATH HE 3aBUCAUINM OT r, RONKHO BH-
pasuthcd dopuyao#t (9.7), T. e. umeTh Bul

(9.15a)

J_L — )
J=12nrj=1 2 ]/27; v e
n CHJAZ2 TOKA Ha aﬂbﬂ
[=J = @9‘_:}& (9.18)

a

ruoe (J, — 2«r,/ — nosepxHOCTh aHOAA. TOUHOMY pelleHnio ypaByenus (9.15)
yno6no npugate Bui, cxoaHuwit ¢ npuOnkeHHsIM pewenned (9.17),
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BBEIA B HEro 3aBUCAWWMA OT r mHowutens 1/B3(r/r.), B samicatb pewe-
HHE B TAKOM BHJIE:
J=2mrj= 2y 3L
— L= - T‘-—‘————-.
/=3 ! e r (9.19)

1\

‘H..h_,_pr

Has r=r, dopwyna (9.19) npunumaer Bua

as

Y S 2,50 U-'ije
Ja—J-—--g— ] Q'ﬁ ‘—'“——"—r g r'(ﬁ.ﬁg . (9‘20)
g/

IIna naxokaeHus B (r) cnenver epctasate J w3 dopmyan  (9.19) s
vpasteHue (9.15). Iocne npeo6pasosannli noaydaercd:

55 ©F (13 O

P-_u:" iy 49&;!-*»!32—1:0, (9.21)

rae u=1In{(r/r,). V13 vpaereuus (9.21) Owvinu nafizeun npubavxeuusie
BEIDAXKEHNS, YAOOHBE LIf NAXOKIECHHA 3 MPH PAZIMUHBIX 3HAYEHHAX 7/f,
K&K B Cayyae BHEUIHero aHoia, TAK M B CJyuae BHEUIHero Karoza. O6a
9TH CAYYAS MPEACTaBAAIOT NpakTHUeCK:H HHTepec.
He npupoas QopMya A48 BRIUHCICHHA 3, OTPaHMYNMCH] KPATKHUMH BH-
Acpaxkamn w3 TaGamum suasenn#t 3 u rpapuxom samucumoctd B¥
/ez
11 ===
Lo
09
a8
a7
48
83 7
04
03—

g2t~
’ V.
i

! 2 3 4 567890 20 450 BB
Puc. 63. Pyukuna 3 (r/ry)

1l

™

1R

rir, fas caydas sHemtHero aroaa (puc. 63)*). Hns auofa ¢ BHEIHHM
KaTofoM  OKasWBaeTCA OTpHUATEeAbHOH Beauunuol. DTO He uUMeeT 3Ha-
ueHud, Tak Kak B (9.19) sxoaur B2

#) TaGauny sunauermii f* ey [J1 1.8, 1. [ ra. 6 JI. 111, ra. 1], 3aece e
npHBEACHS Tabauum U rpaduky AAf cayuad chepHuecKHT SICKTPOIOE.
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Kak Buano w3 Tabnmum 2 n rpaduxa, naubosabniee 3naueune B° 4w
CIyYaa BREmHero anoaa pasno 1,0946, tak uro npuBamxeHnoe pele-
Hue (9.17) sepuo ¢ ownbkol, mensuel 10°%/, mis ecex 7ir,, 33 MCKAW-
wenwen rr, <8, TIpakTuueck BO BCEX AMOOAX € KATOHOM 1IPAMOrO Ha-
Kajda rr, > 8.

8 . Ta6auwuma 2

3navenns §°* B 3aBHCHMOCTH OT r/ry 4 —{° B 3aBUCHMOCTH OF r.‘f

LS 1 2 4 8 iL,21 20 40 | 200
Bueruunit amon { % |
' T ] 0 }0,279 0,667 | 0,095 1,00 | 1,072 1,0946E 1,056
‘ |
T i ; 2 4 8 20 40 | 200
BaemnuH katon r { ' _ |
‘(‘..3)1{ 0 | 0845 | 606 | 2481 115,64 327 29-16'

IOnrq cunwt TOKAa Ha aHOHA, NDHHEM3s BO BHHUMAHHE, 4YTO f10WATb
aHoaa Q, = 2wr,{, MOKHO HamMHCaThb;

Vi QU

9= ragt [r (9.22a)

g, ecan {/, BHpakeno B BOALTAX M Iy, r, H{ B CaHTUMETpax:

Q.U,"
— . -6 _2 4
[,=2,33-10 TN [a]. (9.226)
2 gl .,

Pacnpesenenue norteduwata mowuo naitm #3 dopmya (9.19) n (9.20)

as (_r_\ *a
{ri%s WP ¢
U-:Ua',—/— —= 1 {9.23)
\la 32 ] ra
U’K

Ilan Gonsuinx 3nauenudl r/r,, korma 3

P (rir) =3 (r,/ry), 210 BhpAKEHUE
NPUMET BHI '

U=1U, (‘;; ) (9.24)

Pacnipezesenne npoCTpaHCTBEHHONO 33pAAA MH BHUHCARTH He Oyrewm,
X0TH CIeNdTe 3TC HETPYAHO.

3. Chepuueckne 3aeKTPoOREL Jlnoa co CHepUYCCKHME 3AEKTPOAaMH
MMEET MaJNOo CXOJACTBA C TEPMOSJEKTPOHHBIMH JHOAaMM, a B Donee Gaua-
KHX K HeMYy 10 opMe (DOTO3JEKTPOHHWX AHOMAX ((POTO3ACMEHTAX) HHU
KOrZa HE NPMXOAWTCS uMeTb Aeno ¢ GOALLWIMM NPOCTPAHCTBEHHBIM sapsulozf’
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Onsako 8 HelaesHee Bpems TEOpHA CdepHUECKOro 11013 mnpuodpena
NPakTHYECKHH wHTEpeC B CRA3H C 3adavefl TIOAVUEHHs CXOAAMUXCH INEK-
TPOHHHNX [YYKOB H HEKOTODBLIMA KOHCTPYKNHUSMH CBEPXRBCOKOYACTOTHHEX
aamr. OctaiioBdMca NO3TOMY HA De3yabTarax Teopun. IloanniHl TOK Memay
chepaMu, OJH3 U3 KOTOPHIX NPEIACTABIAET COOOH KaToA ¢ HEeorpaHHyYeH-
4ol IMHCCHOHHON CNOCOGHOCTBIO, MOKCET OhTh BHUNHCIGH MO opMy.e

3/q

) (9-23)

a

41 52
=351V 2

rae o noaobuo £ B (8.19) asnsercs ¢ynkuueft oTHoweRua r'r, (wan r.r).
Hue HaM npuieIca BCTPETHTHCH TOALKC CO C/IyyaeM BHEWHEro Karoia,
Koraz 2 < U; mo3TOoMy MH [p4BeNeM B COKPAUIGHHOM BMJAe TA0IMUY 3HA-
ueHHR @ ToabkOo Aas cayuas 2 < 0.

TaGdanuga 3

3aBucUMOCTs -—o® OT r /r AJf CAY4an BHEUIMETo KaToAa

relr 1 1,2 1,4 | 1,6 1,8 20 25 3,0

(— a)* 0 0,037 | 0,140 0,297 0,502 0,750} 1,83 2,51!' 7,98 | 292

5,0 10

ITonnnf TOK HE 3aBUCHT, OYEBMIHG, OT 7, TaK 4HTO

) 4 g A U*/e
.’=]3=—9—]/ 20— ?'r 2='§']’ 27 ray (9.26)
.__ai-—’gl‘.J [—a|—5'1] '
1\"3_,' \'rf'l

B npaxTaueckuxX envHunax (BOJbT, aMnep)
33‘2 "fS
a -
—**“——T\—z [01229,3 - 1076
(2]
\Fa/.
Pacnpeaencude noTeHnMana, Kak BraHo u3 (9.26), onpeneasercs dop-
myn0of ‘
i A -1
z! ?—‘
U= Ua — .
rx)
a —
Vg

|
’

]=1,=293 .10 J [a). (9.27)

r

(9.28)

4. ﬂpﬂuo.mmeiiuble' HYYKH 3BJEKTPOHHBIX JAy4dedl. IJEKTPOHHbIE
nywkHd Ilipca. Bee Tpu pasofpanHeix ¢ayyas (NAOCKUE, CHepUyecKue o
HHARBAPHYECKHE 3AEKTPOANM) WMEIOT Meway colo# 1o obwee, yro anHuY
TOK2 8 HMX TpAMOJHHeHHn. ByfeM Am9 KpPaTKOCTH HA3LIBATH TaKue no-
TOKH RPAMOJUHEHHEME,

Buzaenam BHYTPH 0apanienbHOro MpsMOARHEHHOrO ROTOKa TPyOKy
TOKa 8 BHAE TOHKOTO Caca ToauMuen Ay (puc, 64) anu B Buae uAAMHAPR
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¢ panuycom ry (puc. 65). B npeacnax BaeacHHoOro cnod uau TpyOKH HOTOK

OCTaRTCA MPAMOIVHENRNNM, TaK KaK B3alMHOE OTTAMKHBAHME 3INEKTPOHOB
BHYTPH TPYOK#H KOMNEHCHPYETICH CKHMAIIAM JeHCTBHEM NPOCTPAHCTBEH-

YA U

/

I

"

Puc, 64. [laocku#l AYYOXK, BHAEIEHHNA H3 NOTOKA
ITEKTPOHOB B IIJOCKOM ANOAE.

" |
g /

Prc. 63, Unaunapuueckuil NYYOK, BHUIGIEHHBE #3 foToKa
31eKTPOHOB B TJOCKOM j1HOje,

HOro 3apsia 3J1€KTPOHOB, HAXOINIUHXCH BHe TPYOKn wad caos. Kak Owino
MOKa32HO BHIIE, NPH HANHYMA T3PaJVIenbHOr0 NPAMOAHHEHHOro MOTOoKA
HPOCTPAHCTBERHOrO 3apaAa (IJIOCKUe IJEKTPOAH) ¥ TOKe, JAJAEKOM OT
TOKA HACHILEHHS, MOTEHIMAd yAOBJIETBOPAET YCJIOBHUAM

= Ax*, %’:0, g—g=o. (9.29)

Yeaosha (9.29) HeoOxoauMn AJMA COXPaHEHHA IIPRMOJKHEHHOCTH MOTOKA,



§ 9] TOK, OFPAHHUEHHBIT TIPOCTPAICTBEIIBM 3APSIO0M 117

IlycTe Tenepb 3MHCCHOHHAA CNOCOOHOCTH KATOAa COXPailAcICd TOJIbKO
B TIpeAe1ax 3alMTPRXOBaHAON o00naCTe katoza wa puc. 64, Toria sHe
C1051 NPOCTPAHCTEEHHLIR 3apaa ucuesHeT u ycaosda (9.29) Hapywartca.
OTTaNKUBaHUE SAKTPOHOB BHYTPHM €04 Yyxe He 6yaer KOMEeHCHPOBAHO
JEHCTBIHEM BHEWHEro NPOCTPAHCTBEHHOro 3apaia, i Ciaoff no Mepe yia-
neHnus oT xarona Oyjer pacuiu-
pATbCH, MOXKHO aH, HECMOTpS
Ha YHOAJEHHE BHEMHETO OpOCT-
paHCTBEHHOrO 3apsia, A00MTLCH:
COXpaleHuA  APAMOAUHEHHOCTH
noToKa? JdAd 3TOro HyKHO Tak
noao6pats (pOPMY 3AEKTPOAOB,
yto6m  ycaoeus (9.29) onars
yAOBJCTBOPAAHCh., s caydas
TOHKOrO W IUHPOKOro CJos Mo-
CTaBNEHHYIO 3a1ady MOKHO pe-
WHTb TOUYHO.

IIvcTh BEpXHAS rpadlia caos
COBNAJAeT ¢ TMJIOCKOCTBId X2
Toraa sanayy 4ns  BEPXHErO
NOAYIPOCTPAHCTRA MOXHO cop-.
MyJAUpO3aTh TaK: Tpefyercs OTH-
CKaTh NJOCKOE 10Je, YIA0BJAeTRO-
palomee Ha MAOCKOCTH X2 yCJ0-

au 0 0 v .
BHIO i M npu _]J‘> Y20~ puc. 66. Kouctpykung nyIox. 11a no.Jvue-
BJETBOPAOIEE YpaBHeHU© Jlan- HHA LWIHPOKOIO0 HAPAaTIe;abHOro AICKIPOH-

J . HOTO AYuKa,
ol 0 o 0. Kak _
Aaca axE gy — W dK  U3BE- 1 _ s1exTpox uydemoro noremuaa: 2 — 3azop ars
Ad TEMIOMIONANKY; 3 — FMHTTAPYIOMIAS 0OHEPXHOCTD]

CTHO, JABYXMEDHOMY YPaBHEHHMIO 4 — cerxa,

Jlannaca ynosaeTBOpAET BCAKast

ananutaveckas oysruns  f(x+iy)=o(x, ¥)--id(x, ¥), npuuem
Kaxnaas H3 Qyuxuuit o (X, 3), ${x, y) B OTHEARHOCTH TaKKe YIOBAE-
TBOpsieT ypasueuuw Jlannaca ¥), B namwem caydae, Kak 3TO Cpasy BAAHO,
ycnosna (9.29) yaoBAETBODPSIOTCS (VHKIHEH

U(x, y)=Re {A (x -+-i)'"?}, (9.30)

KOoTOpad # jgaer notenuman uckomoro noas. [lomarags U(x, y})=0, mu
NOAYYUM YP4BHEHNE HYJACEOH 2KBUMOTCHUHAABHON AuHMM, Ompeleaswefl
npouaLr 3AEKTPONAA, COENHHEHHOrO C KaTozoM:

y=x1g (_‘;. ::):xtg(ﬁ?,:':i"). 9.31)

Irto ypasHen#e npaMofl, npoeeleHHol mox yraom 67,5° kK ocm X,

¢) Cu., HanpuMep, CumuproB, Kypc sncimieff marematuxm, 1. [IL
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Ana U(x, y)=U, O6yaeM umers:

A
(x4 y¥)1a cos( pl=U, o=arctgy/x. (9.32)
i
310 ypasuenne onpexenser QopMy 3ACKTPOJa, CAYKAUIEro auoiow,
Ecan Ay mano, T. €. caol TOHKHH, TO B HHXHEM 10AYNPOCTPAHCTLE
SKEUNOTEHUHZABHBIE MOBEPXHOCTH ANl NPEROTHPAIIEHAS Pa3MBIBAHUA HitwK-
Hetl TrpaHuu €08  A0MKHLI

p— % ObITH 3EPKaIBHHEIM H3008pawKe-
; HHEM [I0BEPXHOCTEN Bepxuero
NOAYVIPOCTPAHCTRA,

[OMOWb YyYpaBHEHUR
(9.31) n {9.32) MoWHO CKOH-
CTPYHPOBATE  ANCKTPOHIYIO
NYIIKY, EJONYI0 NPAMOJHHEH-
Hbtl  WMPOKHR NMAOCKUE no-
TOK 3JeKTpoHOB (pHc. 66).
IJNEeKTPOS € HYAEBLIM [OTEH-
1H3JA0M COCTOHT M3 KAaToxs,
SMHTTHPY IO [OBEPXHOCTh
KOTOpOro npeacrasaser coboft
LJMHRYI0 NOAOCKY, H ABYX
NJOCKHX NAACTHH, NOCTaRICH-
P'uc. 67. Hakaonuan aaeKkTpoIuTiyeckas sanda HWX Noa yraom 135° Yskwe
AZH HCCaenoraHHA l,'prMH SNEKTPOAOB  3ICH- 3430pH Me;{{g-}f KaTQioM H
Tpomsiol uywke [hipca. N1aCTHHAMK CAENAHB 1745 Ter-
ey ekt R XNy 20DOH s0nmwn Kazoga. AWoL,
84€XTPOA. 3aPWKEHHLIR A0 fOTeHIHand
{/,, npeacrasaser coGol nna-
CTUHY, H3OTHYTVIO TID 3SKBUNOTeHuMaabHoHd muumu [/, —const. B anozae
ApopesaHa iueAs AAd (PONyCKaHnua 3JMeKTpoHoB. Ecam menar y3xas, TO
OHa, PAaBHO KaKk H 3a30DPH B 3JEKTPOAE HYAEBOTO HOTEHNMMEAE, MAI0
BAHACT Ha paCnp<agaCHue HOTCHLUHAAA MEXKAY IAEKTPOdaMi H Ha rpaHiuax
cnoa ycaosus {(9.29) 6vay1 vaosaersopenst. ‘CrefoBaTesso, NOTOK 21€K-
TPOHOB OCTAHETCHA NAPANACABHEM # ODPAMOJHHEHHKM BIIOTH AO OTBEp-
CTHS B aHoje.

[Lnq OpakTUKA NyWIKa, A20Wad MAEPOKHR NyYox 3JEKTPOHOB, MEHEE
MHTEPECHA, UEeM MNyWIKa, U3 KOTOpO#l RHXOAHT TOHKHE napaiielbHHH
My4YOK KPYCAOro CEUYeHHs.

TeopeTnsecku 3agaya O NMOAYUYCHHH TOHKOTO UHAKHADHYECKOTrC NVYKAE
9JCKTPOHOB CT2BHTCA COBEPLIEHHO TaK )X€, KaK TOJAbKO 4TO pascipan-
Has: HYXKHO Ha FPaHHLE UNIWMHAPRYECKOro NyYKa C031ath pacnpeaencHuae
noTEHNaAE, NOAYHHAIOWICECH YCA0BUAM (CM, pHC. 63): |

Ulx, ro= Ax'h, (g_ff)o —o. (9.33)
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(JanaKo HalTH pelleHHe aHAIMTHYeCKH HE YI3aeTCa H (POopMYy 31eKTPONoB
HPUXOAHTCH OLPEICIiTh SHCIEPUMEHTANbHO HECKOALKG BWIAOHIMEHCHHLM
METOJAOM IEKTPOJHTHYECKOR BaHWRL ECAH B AEKTPOJMT NOTPY3HTL Ky-
COK ARJEKTPHKA, TO BBUAY TOrO YI0 MAHHHUKM TOKA HA TrPaHHUE Ti13/1€K-

TPpHKA ch NapaAiesHbl, HOPMAJIbHIE COCTABAAIONIAR TpadWeHTa NoTCH-
ol

M3 o Ha TPaHUIe PABHA WY

BueceM B HAKJOHHYI0 BaHHY, B KOTOpO#H pebpo AHIKOTO Kauna H30-
BpakaeT OCb CHMMETDHH, NNaCTUHKY AUMeKTpuka (puc. 67), kpail xo-

TOPO# fRapaIencH pelpy kanmka, .

B asaexrpoauTuuecko#l  Mozenw

noia  JUdNesTpHK  nu3olhpamaer :’f _[A?f /i |
9,J)CKTPOHHMA TNYYOK, TaK Kax W \/ Q,Q/ ,

H& €ro rpaHHHe kcerja Bunoa- 0 A S N
Haercd BTopoe H3 ycaosnh (9.33). / / %‘/

[ 1]
[
/

[Toxapas Ha 3aeK71poab, pac-
TIOJOKEHITHEe TaK, Kak 310 10-
KaBaHO HA PUCYHKE, HaNpPAAKEHHR
N MpHAaBadA KM pa3AHYHbBIH W3-
"0, MOKHO HalTH SKCMEPpHMEH-
TaTbHO TAKYW WX QOpMYy, npu
KOTOpol# Oviaer BROAL TPaHULLE
JANINEKTPHKE YAOBACTBOPATHECS M
neproe 43 yeaosnfl (9.33). Pe-
3Y1bTaTH HW3IMEpEHMR pacnpene-
AEHHUA  [IOTCHIAANa MOISJIWpO-
BAMHOTO  TaKWM 0OVTIEM noJs 2y Z
NOKa3aHn Ha puc. 68. 042 8 4567 8907

IJNEKTPOAN NYWKH AONKHHI  PHC. 68. DkBRuOTEHINalLHBE JHHHYH, I10-
HETL DA MODCPXUOCTEN pa- | SICASMUE SIBSAL T, Gop siexTpotts
LLCHH HY‘"EBOﬁ SKBHITOTEHIHAIL- s I'Iapa."l.lg,ﬂb;iblﬁ nyyok 3:|exrp13)HOB.
HoHl Aunpa ¥ JHHHA € TIOTeH-

F— pACCTOSHAE 0T OCH AYuaE; Fy— PARWYC KaToxa;
1.14A0M Ua BOKDYF OCH CHMMET- Z — pACCTONHME OT KaTojd.
pun. Takas nywxka nzoGpaxena
Ha puc. 69. [locne NPOXOKAEHHA OTBEPCTHA B AHOAE NMYUOK HAUHET pac-
XOJAHTRCE 1O JBYM nNpHynHaM. Bo-nepeux, 3a npeaesamd aHoaa Her
BHEITHEr 0 MO/, KOMOCHCUDYIOIMEro B3aMMHOEC OTTAaNKHBAHHE 3JeKTPOHOE,
H, BO-BTOPLIX, IMOJE B OTBEPCTHH aHOMA, HA KOTOPHH NOZaHO NOAOKU-
TEALHOE HANPAKEHHE, OOPA3YET PacCeHBAINYIO NBHIY-AHWAPPArMy, Tak
KaK 32JeKTPOHbB MNepexonar u3 obaactd ¢ OoJbIOH HANPAKEHHOCThIO
noas B 00aacTh, TAE HANPAAEHHOCTH pasHa Hynw (§ 5). Ortsaexascek
NoKa OT NepBOd NPUYUHH DaCXOXKACHHA, PACCMOTPHM, KaK MOKHO
n3bexaTh, N0 KpahHeH Mepe Ha HEKOTOPOM PpacCTOSHHH 33 aHOLOM,
pacxoxjenus nyyka. Hawn snpoaw Oymyr, oweBnaHo, Tem 6anke K HC-
TUHE, UEM MENbIUE NJAOTHOCTH TOKA B My4yke, J3aMETHUM Npexile BCEro,
Y10, 32KPHIBAA AHOAHOE OTBEPCTHE CETKOH, Mbl 3AMEHHMM OAHY IHPOKYIO

ﬁ—-..--_.______ﬂﬁgf %

G ™ Ky L By O oAy e WD
"4 [ —
» -‘-ﬂl-—-‘-\
———
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JRH3Y DPANOM VSKHX A He YCTpawdM pacxOokACHHd, 3 TOAbKO H3MEHHM
ero Xapakrep. Ho nerko mousaTs, uTO NMy4oK, KOTOPHH Obln CXOAAWHMCH
MEAAY KaTOMOM W aHOZOM, MOMKET OCTAThCH CXOAALUMMCH W MOCNE BHIXOIR
#3 aHoAa. PacCMOTPHM, NpH KAKAX
YCIAOCBUSX  JIEKTPOHDLE, BEIXOIfA-
HIME W3 yacTH @ BHemHero cde-
PHUSCKOro KaTtojla, pacnpocrpa-
HAIOTCK npavonngelno 1 o6Gpasy-
0T OYY4OK Ay4YeH, 3aNOJHAIOMHKX
KPYranth npavolt kouyce {puc, 70).

Puc. 69. dopma 3rekipoidos nymkh, 1a- PHC. 70. Buieaenne xoHHYECKOro nyu-
e HTHAIpMYSCKHd DApalJeAbHWH KA 3JeKTIpPoHoB B CHEPHUCCKOM IHOAC,
f1IY90K M€K TPOHOB,

Ecav yron pactsopa KoHyca 29, TO CHia TOKa B Nyuke

Ua;! .8

el 2 12k (0.34
\rijl .

TaKk KaK OTHOWenue nromanel cermenta Q W wapa pasno sin®6;2,

Mz (9.34) aan pacipeseneHus NOTEHIHaAa 8104b OO6PasymOIWUX KOHYyCa
N0y 93€TCA

{=293.10"8

U118 10° [ YD) BTN (9.35)

Kpowe toro, na 00KOBOH NOBEPXWOCTH KOHYCAa JAOMKHO OHTL NOBCOLY

alf

=0 {9.36)

Ipr ycnosun coGmonenns paseHcTs (9.35) # (9.36) moToOK OCTaeTcA
NPAMOJKHEHHHM ¥ CXOLAMMAMCS Moa yraom 8, Torga xak oCTaneHas 4acThb
POCTPaHCTBA MEXAYy--00cuMu CgepaMu HE 3aM0AHEHE FNEKTPOHAMH,
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ECan 5MHTTHPYET 3JEKTPOHE TObKO YacTh {J BHelusell cdeps, aexa-
1lad B OCHOBAaHMM KOHYCA, TO /1% BHUOMHEHAN vcaosuii (8.30) u (9.36)
HyKHO OYIeT NIpaaath AeKTPoAaM 0oco6yio (PopMYy, KOTOPVIO MOKHO
ONpEResnTh B HAakAOHHOH Banne (puc. 67), c TOH TOJALKO pasHHLEH, 4TO
Tenepnr TLUIACTHHKY H3 JH3JIEKTPHKA, COOTBETCTBYIOUIYIO 11da MOJENH KPaw
JEKTPOHHOI O TIYUKa, HYKIIO NIOCTasnTh K pebpy WHAKOFQ KiAuHa, H3006pa-
HAOUEro OCh MYIUKY, No4 1eM yriAoM f, 104 KOTOPHM A0AMHb CXOARTHCH
Ayuu, POPMa INEKTPOIOB, KaTOAd ¥ aHOAA L01:KHA OLITH Takosa, 4ToOL
BAOJIb TMACTHHKE (rpaduue uyuxa) (/{r} O6wno On IPOHOPLUHOHANLHO
[___ T ']'.-'a

A el B

LT

Onucannsie B I. & ACKTPOHHHE NYVIWKH Oblau npentoxensr IlTup-
com (CIUA). Hoznuee C, H, Tpenesoh Oulaun paspabortanm Godsee yao0-
HbHEe a1 NMPaKTuku nymxe tama nywiek Ilupca u gan uwx rexunueckni
pacuer, O nymkax IMapca cm. [JL 1.8, 7. I, ra. 13; JLL 1.6 n JI 1.18}

§ 10. [MapaniensHbliit N0TOXK SAEKTHOHOB, HMEIOMHX ORHHAKOBKIE
HagaTbHbIE CKOPOCTH

1. Xapaktep pacnpeaencHrs noTeHuuasa. [loctaHeBxka 3agaun. B nper-
1EeCTRORBARLIEM {laparpade Owd paccMorped naPalieibHull FNeKTPOHMLIN MOTOK
MEXIY NIOCKHMH IMCKTPOIIMH, OZHMM M3 KOTOPHX CAVHKHI K4TOI C HEOTPaHN-
YyeHHON IMUCCHOMHOI <NOCOGHOCTRIO. PacnpeleledHHe NOTeHUEala MEXAY 31e-
TPOA3MI [IOAYHHIAIOCh B 3TOM CIY¥4ie 3aKGHY «<YeTHpex Tpereils:

/ L4/
U=0, {\%) A (10.1)
2 CHIA TOKA BHIYKCIALACH N0 thopuyie
J— KUY K=233. 10—3% [%] (10.2)

Pacnpeaecaenne, Bupaxenuoe opmyach (10 1), u cuay Toxa, BRUNCIEHHY)O
o (10.2), B 370M naparpade OyleM 15 KPAaTKOCTH HA3LIBATH ¢HOPMAJILHLIM IU-
OJHHM pacnpe,ﬁlenel—lﬁem II0TeHHa1a» H (HOpMaJIbeIM JHOIHBIM TOKOM>»,

PaccuoTpym Tenepk 3aJauy O BHIYHCACHHH PACOpelEi€HUA LOTEHUHAaAa ME KLY
AEKTPONAMHM H AHOJAHOrD TOKA B TOM CAYYae, KOrAa 3JeKIPoHh BHXOIAT U3
[LIOCKOr0 Katoda ¢ OJHHAKOBHIMH HaYaibRbiMH CKOPOCTAME, HanpaBJICHHbIMI
NePUeHAHKYIAPHO K €ro fI0BePIHOCTH. B TakoM BuHZe 3Ta 33laua ABIAETCH HE-
CKOABKO YNPOIIEHHOH 3aZiave# O BHRIYHCICHHH aHOJHOTO TOKA H DACHPENLICHHRA
NOTEHNHATA MEMWAY CEeTKON W aHOJOM B TPHORE HIM TETPOIE € (IOCKHMU 3IeKTpo-
AaMH. Y DPOLEHHE 3aKTIOMAETCA B TOM, YTO B DEAJIbHON AaMOe SIEKTPOHH 1i3-
MEHAJOT HATIPABACHHE fPH NPOXOWIALHHH UYeped CeTRy, TPALKTOPHA MY UCKpUuBIs-
I0TCA H DOTOK B H3BECTHOH CTENeHW YTpPaydBaeT mapainelsHocTh. (O1HAKO B
NepeoM NpubIwkKeHuld, eCAu CeTKa IOCTATOYHO [¥CTas M CIETEHAa N3 TOHKHY
NPOBOIOK, MOKHO CHMTATh, 4TO BCE IJEKTPOHHW BHWXOIAT W3 MAOCKOCTH CeTKU C
OXHHAKOBO HANpPaBJeNHHMH M OIMHAKOBHIME CHOPOCTAMIL

= VU,

ric {{, —noredunaa ceTkid. B terpoixe (puc, 71, @), rue umewTcs 1Be ceTkn C,
u s MOMHO, BO-NePBuX, MeHaa Uc, upn Ues = const, neficTsoBaTh Ha NpOCTpaH-
CTREHBHNA 3apAjil ¥ KATOHA B MIMEHATH CHAY TOKA, BXOJAHIETO B RPocTpanHcTao CgA,
HE MEHAA HAYAAbHHX CKOpocTel 3J1eKTPOHOB, K, BO-BTOpHX, Hamenas Uy npu
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Ucl-—COI‘le H3‘-I€HﬂTb' HavYad.lbH¥K0 CKOPOCTL BXOIAIMX 3JICKTPOHOB, DpABHYRD

anece Z*qU.:q Yc1poitcTBo, cocToAtlee M3 RaToda W aBvx cerok C; n Cy MOWHD
Ha3BaTh ¥mpaBiseMus Karogodm. Crosiuyioo nepel MaMy 3axauy MOWHO chopumy-
ARPOBATh CAeAYIOU[HM oﬁpaaou. yepé3 INIOCKOCTh ceTki €, (3aekrpel /) Co tko-
pocTAMH o, = v, = ¥ 2nl/, OPOXCART IICKTPone!, 00pasya Tox f, BXOAAUIAN 8
UPSCTPAHCTBO MEWXAV AJeRTpoRamy [ —— Jf, npuuem Kak cmiv Toka /, 13K H Ha-
upakeHan Uy == Ue n Us=U, MOKHO MEHATH MPOH3ROILHO H HEIABMCUMO JIPYT
oI Apyra,

Mg gncqema i oy I

K s [ / fInGeagCmy  Mursmyw
[ 1 f 4| BATEHHIG I
1 i dasr wguboe: 3
" | SR’ | __'.__._
| ! I
I : a g |
! y 7 21
o) | | T
S e by
( l K
( | f
| I |
) ] |
| ! i
b f X
U=l 4, U,:? L4
00K e T HGEG
HOMOTS
/

&

Puc. 71. ¢ — NJIOCKHA TeIpok, NUIBCIAWIWHA N0IvYaTh

mexay C, 1 A NOTOK 3J€KTPOHOB DPA3IHYHON CKODOCTH H

TNMOTHOCTH; 6 — pacnpeaedenue noTeHn#a a Mexay L. 4 A
NPH PasHHX (LIOTHOCTAX TOKA.

Tpebyerca nafitu pacapejfeleHde HaNPAKEHAA MEXAY 3JAeKTpoAaMH H CHIY
TOK& Ha 3IekTpoA /1 (aHod) B 3aBHCHMOCTH OT Hanpawenua U, W cuael Toka [,

PaccMoTpust CHAYAIA KAYECTBEHHO, KAK O¥ldeT MEHATBCA pacupeicicHue Ho-
TeHNWala B 3aBHCHMOCTIlI OT BEiHUMHW BXojamero Toka [, B orcyricreue roxa
pacnpenerenue noTeBUMala aupediHo. [Ipd UOABJIEHHHM OTPHNATEABHOIO NPOCTPaH-
CTBEHHOT O 3apAda KPHABaA PacNpefleAeHUA NOTEHIMANd HauHHaeT <MOPOBUCATHY H
Npw¥ HEKOTOPOH cuiae TOKAa Ha Hel o6palyeTcs MHHUMYM roTeHnuaia (puc. 71, 6,
kpusue 2 it 3). Ecau U, =/, T0 MEHAMYM NOTEHUHaNd, KaK JErKO NOHATH, "06-
pasayerca npu CKOJTh YrogHo cJaGoM Toke. YCHleHHe BXONfLIEro Toka [ compo-
BOXNAETCH YBEIWUEHHEM NPOBHCAHWR KPHBOY, H MOXHO IpeIBHACTh, YTC MPH
H3BeCTHMX YCIOBHAX YBeANYeHME TOKA [/ MOXKET INPHUBECTH K CKaukooGpasHomy
H3MEHEHHK) pexudMa. B camom Jejge, yBeaMYeHHE NPOCTPAHCTBEHHOrO 3apsaa Mpu
BO3PACTAHHK TOKA Bul3wBaeT yraybieHHe MHHUMYMa MOTeHHaNa, KOTOPOE BAeYeT
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3a cofod VYMeHbIIEHUE CKOPOCTH 3A€KTPOHOB M, 3HAWAT, HOBOE YBEIHUCHHE Rpo-
crpancTBednoro 3apajia W T, 4. [lpy Roctatouno#t cule sxoasuero voxa ¥rivéae-
HHe MHEHHMYM3, HA¥alo KOTOPOMY Obl10 NOI0XKEHO He(GOAbINUM YHEIHYEHHEeM
ToKa [, 6yger OBRCTPO pa3sBHBaThCA 10 Te€X [10p, HOKE HE HACTYHHT yCI0BHE
U =0 (puc. 71, 6, kpHBaa 5), T. €. Mul 6yneM HMeTb CkadkooGpPa3HOC UaMEHe-

pie & pacnpetclennd norewudand. [Ipm . =0 wacTh 3a3eKTpoHoB J10XKHA

By1eT GOBEpPHYTH OGPATHO ¥ TCIBKO YaCTh MX JOCTHCHET aHOIa, MHLIMHM CJIOBAMH,
aHOJHBIR TOK M3MEHHICA CKalKOM.
Moeepxrocts, Ra kKeTopolt U . =0, HasulBaT BUPTYAIbHLM KaTOIOM ¥),

3aMeTHM, 4TO BOHDPOC O pasledcHunr sxoiAuiera Toka / Ha 1ok /[, BO3Bpauiamp-
waiica & 3MEeKTIpoRy /, ¥ Tok /., WIYWHA Ha anox [f, He pewaeTcn B pamMKax
UPHHATOrO YOPOULEHHR, rie Oulao NPHHATY, YTO BCe 3IAEKTPOMH NPOXOIAT [L10-
CKOCTb 3IeXTpona / B COBEPHIEHHO OIHAAKOBLIX YCIOBHMAX, ¢ ONHMHAKOBLIMH CKO-
poctamn. Ho ouweswiwo, 370 Takoe pasfeircnue QGakTHIeCKH MPOHIOHAET, eCciH

Y4eLTh, YTO Ha OIHHAKOBHE CKOPOCTH 7= V' 2yl), wnaknanueaprca pacipene-
AcHUwe 00 M3KCBeaTy HAYATbHME CKOPOCTH BHIET2 3IMEKTPOHOB M3 KaToma.
B neiiciBurenproctd {/ . O¥1eT HeMHOro HMke HyJ A ¥ G01ee MElIeHHHE 3TeK-

TPOHH GVAYT UOBOPAYHMBATL OOpPAaTHO B HEKQOTOPOM Cloe Toqwuas lx, a Oogee
GHCTPHE — MPOXCAHTE K aHOLY. Yupowaa 3ajauy, Mo Oyies CcuMTaTe, IO pas-
AcleHne 3MEeKTPOHOB HA JRe TPY¥NIlbé NPOHCXOIHT HENOCPENCTBEHRO H2 HEKOTO-
poét HOBepxHOCTH, H 6yiaeM upexeGperath Ha HEM TENIOBHMH CHOPOCTAMH. DTa
HOBEPIHOCTD, IMUTTHPYOMAA 3TEKTPOHH B CTOPOHY aHOXa (TOK /g), # Gvier BHp-
‘TYATSHHM KaTOMOM,

2. Cayuafi OTCYTCTBHA BO3BPAMAICMHXCA IAKTPOHOB. Haunes co cayuas
OTCYTCTBHA OOGPATHOFO TOKA, T. €. NOXOWMHUM

=1y =0
PEIC[I[JC}IC.‘IEHHE norednHatd MOIYHHAESTCA YPAaBHCHUKO ﬂyaccona
a2y
= — 4= . .
ax® p (10.3)

Waterpupya (I10.3) oxun pa3 teM se mpUeMOM, 9To M B § 9, moayuum:

a3 167/ Vet
— | = ———e Y U 4 const, 104
(dx ) -l/' 5n Q } ( )

rie Q — nosepxHocTe aaexktpoda w /= jQ. Ho nocroawnan ddrerpiposanua

Tedepb Me paBHa HY/I1I0 (TZK KAk Ha snexTpone /[ %#U u /£ 0). Popmyay (10.4)

MOMHO HANACaAIb B BHAC
av Towl

e Sy VT, 103)

rae 4epe3 U, BReICHA MOCTOAHHAA HHTerpHpoBamua, PU3HYeCKUdl CMUCa mMOCTO-
AHHOR 1, OyIer sulficHed HWKe. Bropoe MHTErpHpPOBaHHe HaCT

x—xm=§=f— (VVU =) (VT +24,), (106)

#) TepMHH «BHDTVaTbiuily 30eChb O3HAMAET <HAIEJICHHBIH HEKOTOPWM CBOM-
CTBOMY, BEpTYaapHHl KATOA — NOBEPXHOCTh, O67anamoUlasd CBOHCTBAMH KaTofla,
4 AMEHHO CHOCODHOCTLI) 3MHTTHPOBATL IAEKTPOHH B CTOPOHY aHOAA,
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[€ X, — BIOpAaA MOCTOAIIHAA MHTETPHPOBIHHA H
1 - ead
—_ 1 — B L e ) Pl
k= o V2, O=233-10 Q[ 7 ]

QOBosnauan U wuepes u, moxuo w3 ypasuenns (10.6) NOAYYKETE I8 U
YPaBHEHHC TPETbCH CTEUEHH

. !
ud 4 3upu* — 4ud, =5 (x — xpmp2. (i0.7)
VM3 ypasnenus (10.7) MOXHO 148 331aHHOTO BXONHOTO TOka { HaliTH 3aBm-

CHMOCTb u:]«fU 0T X, T. &. HaliTH pacopegeiexHde WOTEHIHANA, PelleHpe
ypasuennsa (10.7) uveeT BHI

VU=u=—u,+
L l/ ug,-j-%(x_.rm)w ]/—é(x—xm)ﬂ[uﬁ,,—l—i—k(x—xm)”]+
ﬂ/ R el e R L

WUz (10.8) Buano, uto nmpn x=x, BelnydHa {/ HMeeT MHHHMYM, [OAA KOTO-
poro U, =2, Caelopateabho, 00¢ BBEJEHHWE BHINE NOCTOAHHHE MHTETPHPO-

RAHHMA U, N X, ONPEIeIsIOT BEAHUHMHY H NOTOMEHHE MHHHMYMA NOTeHUHanra,
Jra npakTHid HanGoce BAXHO 3HATH MUMEHIO ITH BEIHUHHR, 0CoGeHHO rayduny
MIRVMYMa 1oTennwnaaa, Hanpumep, ecan (J; >0, To ¢ an0na 3IMHTTHpPYIOTCA
BTOPH4HBIE SICKTPGHH, KOTOPHE HMEKT B HORABIANILEM OOILIIKHCTRE HAYATE-
HHe CKOPOCTH, pacnpefedeHine B npeseaax 0-+20 g. [lonazanme BTOPHYHKX
9JIEKTPOHOB HA 3/1eKTPol [ sBNAETCA NPHYHHOA DE3KHX, OOWUYHO HEREIATEAbHRIX
HameHeHull XapakTePHCIBK nNprOOpa (Tax Ha3niRaeMmit KAHATPOMHMH 3d{ekt).
OyepuaHo, UTC MHHHMYM NOTeHIManz ravéunol, Goasmied 20 §, pacnoioWeHHLIN
FRe-AEOYND MEWIY 3IeKIPOJaMH, NPAaKTHYECKH TOIHOCTBIO YCTPamaeT AHHATPOM-
veifl 9fpexT. Popuva KpHBOH pacupeleleHHA T[OTEHIMATA [IPH STOM HE HMeeT
3HAUEHHS H, 3HAWAT, TPEICTABIALT BTOPOCTENEHHHH WHTEepec.

Ypasuenus, ynofuvle 1T HaXONAECHWA MHHUMYMAa DOTEHUHAJa M €r0 10JO-
WeHNs, MOXHO NoJAYYHTh W3 ypasaenni (10.7) n (10.8), TlomectHM Havaao koop-
LuHaT B CepeauHe mexy saexrpolamu. Ha ofoux saexrpoaax Oyvmem Hmcrb
YCAOBHA: =

Ha 3pextpote /| x=—-5, a=u,= VU,

e v

» saekTtpoze /! x=- , =g = VUj.

Ypasaerne (10.7) ans xawaoro U3 3IeKTPOUOB -IPUMET BHI

5 g s ! d ]

ui +3”mul_4“m=—k— T'l'xm) v
| | g . ¢ (10.9)

a§+3umu§——4u§n=—k+(-2——-xm) . }

Hckmouan x, w3 ypapdenuit (10.9), nepexona or a4 & U, 0THeCH BCe HanpAWEHNA
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x Hanpawennwo !, saextpola /, voayvaem:

I ) aiUmiie  Up i
L U =V 1+sl g el
dﬂ

f_..' L.' 4, 3_,3 7 t_f D 1/2 br:‘ ; {—; '-:3.-‘2
4V g —m T =l T (1010
‘ ] l"-_ v } + " U, } {y k j ( )

3namenarenb gepodt wacty ypasheuun (10.10)
32
1

Bt =l (10.11)

HMECT Pa3MCPHOCTh TOKAE M PaBed HODMaTLAOMY TOKY B AMOIe ¢ noTeHLuHanoM L
I paccrosHreyM d Mexcly aaexTponams. Ciesa, TakuM 06pa3om, cTonT 6e3pasMep-
HAR BEJHUHMHA — DPHBEAECHHHH BXOLAUIHA TOK

B naibrefinlem Mu O¥IeM MCCIENOBaTh H3MEHEHUS B IMOIe B 3aBHCAMOCTH O
Ue v I, a U, 6ymeM cuuTaTh nocTOAHRmM. Toraa f, = const B { ocraeTrcs Ipo-
nopnHonaabHey /. YpaBReune (10.10) momao nepenucatb B BAAE

Z U i7s TR
i= | 4-3{2mi® g Ym0
V + (Ul J WA

Pewras nepBoe u3 vpaBHeunil (10.9) oTHOCHTEIbHO X,,/d, MOMHO NPERCTIABUTh
ero 8 BRIOe

F={rlala) " =l e

Beapaamephne ypasnenka (10.12) a (10.13) yro6uo HCNOAB30BAThH AAA HCCAETO-
BaHus 3aBucHMOCTH U /l/y 0 x,/d or i

Pe3yabTaTul MCCIeJOBAaHHA B PpapHueCKol GopMe MPeACTABISHu HA PHC. 72,
rie no ocu abCUMCC OTJOXKEH TOK { H N0 OCH OPIHHAT X,,/d nau U, /Uy aas 1pex
snavenndi: /U, =0,5; 0,8; 1, Ha puc. 72 napamerp /U, =1, wo puec. 72
MOXeT OBITh UCI0Ab30BAH W 1A Cavyas Uy/U; > 1. B caMmom sene, upu HCCTeno-
BaHHH 3aBUCHMOCT# oOT [ MoTeHudad [/, OCTARTCA NOCTORHHWIM, TaK Xe Hak {F),
g ypasnenna (10.12) u (10.13) mowno 6u.10 OW NOAYYHTR B TOM WE BUIE, BBOJSA
ROPMAaIBHNHN TOK [p==klU/?/sjd n oTHCCs BCce nanpawenuwa x U/, smecro U,

PaccMOTpHM B Kauectse npuMmepa Kpueoie maa /U = 0,8. Tpn 0TI <C 0,82
IR X, HEe NOTYYAeTCR 3HAYECHHE, Jekaullx B npejenax 0T x =42 10 x = — d/2
{prc. 72). 3To 3hHaunT, uTO HA CAerKa MPOBHCIUeHd KPpUBOH pacnpeaelelws NOTEH-
HHana MBHAMYMA HeT (xak Ra xpusoi 2 puc. 71, 6). llps {==0,82 {rouka M)
MHUMAMYM [OABJSCTCA UPH X, 'd =1/, T. e. Ha 3xekTpoine 2, Ilpn stom, KoHeuro,
Up=U,= 080, JaapHeiiumee yBeauduerHe { BM3WBaeT, no-MepsulX, yraviiende
MHHYMYM2 H, BO-BTODHX, €ro CMemMeHHe [0 Hanpasledwio x saektpoay [/ {(gpn-
Bwe 3 ¥ 4 Ha puc. 71, 6). [ay6unHa MHHAMYMA UBOTEHHIHAI3 MOXET JOCTHTarh

(10.13)
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HECKONBKAX NeCATKOB BOALT. Hanprumep, npu i = 6 (BxodaumiHil TOK paBeH miecTu-
KPAaTHOMY <HODMAABHOMY?> TOKY f=10/,) [, ~=0420, n x;,;~0084. Ecmu
U=10t 8 U, =8 8100,=42 s n U, -U, =58 8 U,— U, =2388— 310
Ooace vem IOCTATOMHO JIA NOIARIEHAA THHATPOBHOrO 3peKxta. MUBHMYM HOTCH-

UHaTa JTeWUT NPH 3ITOM OYeHb OaH3KO

L K CCPCAMHE MEXJIYINEKTPOIHOLO lpOMe-
i 1 Y%, WYTKA,

293 NG BuacHHM, Kak 3aBACHT raVOHN3 MU-
\ |2 HEMYMAa OT PACCTOAHHA MEXIY IIeKTpo-
68 A ~Nz08 \ naMi d. [lycte d usvenserca WpH nocro-
g7H—% o " A¥MHEX 3navenvnx U, U, u i Torma [,
i \2\ NG (cm. (I0.11)) wmenserca obpaTHo nponop-
Qs X AN NHOHAIBHO 4% a [ — NPAMO MPONOPUHO-
\25] \\ \ HanbHo @2, lpu vBeanmuwenun & npueezew-
a5 T \ Huft BXOIAMMA TOK [ YBEIMuYHBAeTCHd W,
gl A1 W \\ q \ KaK MoKaswsaet puc. 72, U, ymeHbliaer-
i \ \ ca. Taxdm obGpazom, uem Goabule pac-
a3 — CTOAlLIHE MEHIY 3IEKTpodaMy, Teum raybme
\ 3\_,.—”"’ MYUHHMYM DOTEHIHAA3, KaK W CIeICBAJO

g2 I P & S OMHIATb. S
of ol VA 4 3. O6pazoBaHMe M HCYE3HOBEHHE
' Il I BHPTYaiAbHOro HKaToma. Cnna TOKa HpH
g har I HaNHYUH BHPTYRNbHOTO Katogpa. Oco-
¢+ 23 4 5 6 7 31- g 6wil uHTepeCc npencrTasaseT TowKa &
%m (puc. 72}, B KOTOPO# KacaTeabHasi K KPH-
05 BOM AENZ€TCA BEPTHKAABHOM. JTOH TOUKe
g¢40§e‘&f ape U/, =08 COOTBETICTBYET MaKCH-
3 . MaTbHO BO3MOKHME TOK i==i_ . ~=638.
‘3? - Y P Ondaxo, yeeanwyupasa, Hanpumep, U
0 — (prc. 71, a), M MO3KeM, Ka32a0Cb 6w npo-
g 1 2 3 4 5 6 7 8 ¢ M3BOJIBHO VBEAWYHBATH YHCIO BXOIAUAX

¢ 3JeKTpOHOB, T. . Tok i Uro e 6yuer
OT [IDIEEIERHONG m W cTpenHmd  BOIMOMHMH  OTBET  3aK.Ti0-
prBER BXOARMENO TOKA £ yoorcs 8 TOM, UTO YaCTb ITEKTPOAOB BO3-
npu Uy/U, =1, 0,8; 0,2, Bpamlaerca K sJektpody I, a 3To MOKeT
' 6WThH TOIRKO B TOM Cly4Yae, e€CJH oOpa-
3yeTcA BHpPTYaabHHHA Kartoa (B. k). Obpa-
30BaHHe B. K., KaKk 3To Onl10 OTMeYeHO W Panbilie, NOAKKEO NPOACXOANTD CKARKOM,
1. €, NPH HHIYTONHOM YBUIHYEHHH BXOLAUIEro Toka CBEpX sHauenua =68 pac-
UpeleIeHNe NOTeHUBa1a MIHOBERHO nepeXxonnt oT kpueo# tuna 4 (prc. 71, 6)
K KpHBOH THIIAa 5, W TOK Ha 31eKTpOoj 2 CKAYKOM 1alaeT, TaK Kax NOABIRETCH
oOpathruil TOK /;, AuajJorpupas kapivHa OYAeT W HDH IPVIHX 3HAYEHHAX napa-
MeTpa Us/U,. Hanpumep, nas Us/U, =1 3ro 6ymer npu i = 8. Coennuan Mexay
cobolt KpaliHue Towkm THD2 B, MH 110AVUHM [pPaHNUHYK KPUBYIO, {10 KOTOPO#
MOMWHO H3HTH HaWGOAbIIMA TOK Ha anox 2, BO3MOXHWN npH Xannom [/l
Ipannubzg kpHeana I, mporeleHHan 110 TOUKAM ¢ BEePTHKAAbHBIMH KaCaTeIbHBIMY,
OTNEJAAET Ha PHC. 72 00/14CTL, B KOTOPOH BO3MOKHO paclipeeieHHe ¢ MEHUMYMOM
norennHana, o 03 BupTyanbHoro karoia. C apyro# CTODPOHH CPdHHOA 3TOH
00JaCTH COBNAfaeT ¢ KPHBOA 3, NpPOBeNCHHOH Yeped TOUKM NOABICHHA MHHHMYMa
noTeHHaa.
BeIMurHy MaKCHMAThHOTO AHORHOTO TOKA, BO3MORHOrO npM 3ajanumx Uy 1 Uy,
MOXIIO HAHTH H3 YCIOBUA BePTHKAJALHOCTH KaCaTennHOH B Touke B:

i

Y T
L

\ Uy )

=10,
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[Noactasanan croga i u3 ypasuenua (10.12), Hafaem:

Uy ji=imax [i +]f—§;%]’ ! (10.14)
=11 2]

[Mocne noOABAEHHA BHPTYAABMOTO KAaTOda YCIOBHA NPOTEKAHHA TOKA CYLUECTBEHHO
U3MEeHAWTCA, TaK Kak Teiepb fo 7~/ 0 B npOCTPAHCTBE MeWIy Siektpoiom I ¥
BHPTYAIbHHM KAarToloM TEKYT JBa BCTPEUHHWX TOoma f n fi=/—1;

PaccMOTPHM 1IPOCTPAHCTIBO CNPaBa OT BHPTYaJsHOro KaTolda. Ha sHpryaip-
Hom Kartole /=0 u W=D; rpaHiuABIe YCAOBUS ILIA 3T0ro NpPoOCTpPaHCTBA
COBNAJAKT € IPRHUYHLIMH VCIOBHAMH HOPMaibHoro mnoga. [Hostomy pacnpeje-
JACHHe MOTeHiHada 3I1ech MOIVYHHAETCA 3AKOHY

Am ’;3 -~
Upymro ™= Us (—J——\ . (10.13)
B.K—2 f

rle xg— PACCTOANHE, OTCHHTAHHGE OT BUPTYAAbHOrO KaToda, u 4 o, — pac-

.CTOAHHE MEeXIy HUM H 31exkTpomom 2. CHiaa roxa Ha anoa 2 paBna
=%k l ss 10.16
s =k——— U}, (10.16)

B.K—2

{s V3MeHgeTCA NpU nepeMelteniy BHPTYaIbHoro kartoza, B mpoctpaHcTee ciesa
0T BHPIY4ILHOTO KATOA& UPAHHYHBIE YCIOBHA ONATH-TAKH COBNAJAIOT C IpaHUu-
HUMY YCIOBHAMM HOPMAABHOIO AHONA, HO 3I6Chb TECKYT BCTPeMHbIe TOKM / ¥
11_._1“!3. OnHako pacnpelefieHyMe OOTHIHAAA 3aBHCHT TOIbKO 0T OGbEMHON
NIOTHOCTH 3apAJoB, ACHCTBYIOURHX 3S1E€KTPOCTATHYECKH, H HE 3aBHCHT OT Hampa-
BaeHHA TokoB. [lo3TomMy pacupelereHHe MOTEHUHAJa CI1eBa OF BHEPTYAILHOTO
KaTona OyIET B TOYHOCTH TaKHM e, KaK B HOPDMAABHOM AHOJE C aHOIHWM Ha-
npaxennem {J; U TOKOM

Ui
d ]

B.E—]

L=\h+l|l=2—1L=k (10.17)

PERHBIM CYMME OGOWX BCTpeuHHY TOXoB. PacnpefencHue noTexuxasa Gyaer
HMETL BHI

i
Uy i —Ul(-a—xﬁ) : (10.18)

B.K ]

Ecan x,, — paccTosnve MHHHMYMa MOTeHUHANE, T. €. B PACCMATPHBAEMOM CIvVyae
PaccTodABfe B, K. 0T CePeaBHb MEXAYITEKTPOAHOrO NpoMexyYTKA, T0 (pHC, 71, 4)

du.“_,l=-—2- T Xy 0= o — Xm T4K 410 AIA HPHBCACHHHX TOKOB
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MOKHRO HalHCcaThI

1.2 = iir = kb‘:}{s ‘.I kU?fg — ||( UE V3.9 I
LTETLY T T T
2T 2
Iy == % fy = 21— fq — kafe .v[ kU::-'sr _ { L (10.19)
{ d 2 I/ Ed .; ! P
RSO T
{y =i—1q. ;

Y3 vpasreuntt (10.19) momHo HafiTe 3aBUCHMOCTD TOKZ fy @ NOJOKEHUS B, K.
Xp,/d 0T BXOAAUEro Toka i 33eCh MB OTrpaHUUNMCH TOMbKO BRIACHEHHEeM Xapax-
Tepa 33BHCHMOCTH {3 OF { B0 BCeM WHIepBaje 3Hauewui { Kaw A0, TaK H nocae

- ta
L R .3 —_
;
i
i
(gt~ S !
b |'
L |
a | ] )
o N
a i | A
A '
| ' H
| ) !
& 1 : ! E
45 ! | !
o i J_ ! 1

....
Ly
=
L

Puc, 73. Vlamenenne aHonHorp TokKa iy B 3aBHCHMOCTH
OT BXONAILEro TOKa L.

ob6pazoBanna B, K. llpu yseauuenuw i, HauwHan ¢ i—0, cuavaisa Gyrer fj=!1
HE3ZBHCHMO OT TOro, UMEeTCA AH MeXNIY 3IeKTPoaaMu MHHHMYM JOTEHOuaaa,
332BHCUMOCTS iy OT { B DemMuME OTCYTCTBHA B, K, H306pas3Hica npamofl, Hakro-
peunofi mog yraosm 43° w ocam (puc. 73). Ecan, mampumep, U/U; =1, 10, x2K
NOKA3WBaeT pHC. 72, pa gporAwkerwd ot {=0 g0 =38 MoxeT cVeCTBOBATh
peskAM 6e3 B, K., YTO COOTBETCTBYET NPAMOIHHeHHOH uacty rpaduxa OB Ha .
puc. 73. C Apyro# CTOPOHH, NOCTPOEHHE 3ABHCAMOCTH {; OT { NPY HATHUYMH B, K.
no ypasHepuam (10.19) zaer upusyw CHB'A. Touxa A — npejelbHada Touka Ipa-
puK2 peMHUMOB € B. K. W e}, OueBHIHo, cooTBeTcTBYOT i, =0, is=/{ I3 ypas-
Henu#l (10.19) naa storo cayyas, HCRMOUAH Xp/d, MOWHO HOLYMHTE:

@ ma=1=[1+{7%)"]. (10:20)

B uactnoctm, npu Ugfl/, =1 6yner (is);, o =4 PewxusMa ¢ B. K,, COOTBETCTBYIO-

mHAe yyactky CB'A, Takke (H3HuecK® BO3IMOXKHBL,
Takum o6pazom, MeXIY 3HAYEHUAMH BIONAIEro ToKa (=i, 0 i=ig

BO3MOMHE [Ba PeXUMA OJIHH ¢ B, K. (y4acTok kpusold B'A), apyrod Ge3 pero
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(vaacTok npaAmoil AB). BosankaeT BONPOC, Kaxoll xe ¥3 [B¥X pexnvod ¢arru-
YECKH YCTaHOBHTCA.

Crporoe HCCIeNOBaHHE BONPOCA NOKA3NBAET, 4TO 004 BO3MOEHWX pexmHMa
ycrofuen, CI€I0BAaTEIBLHO, eCIM K TOKaM, JeXalldM B RHTepBate ({4 --ip),

NOOXOAWTL €O CTOPOHLI Madbix 3HAYEHHE {, TO Ha 3TOM HHTepBaIe JIOXXKEH
COXpPaHMThCA pexuM Oe3 B. K., CYIIeCTBOBABIUHA Ha INPOTHXCHHR HHIEpgaxa
(0 + i), ¥ xapakTepucTHka cneayer no npavod (QAB. Ecan xe noxxonurts

CO CTOPOHH CHMIbHHX TOKOB § >-ip, A€ 3aBEIOMO CYIWIECTBYET B, K., TO H Ha
uHTepBane (i, =+ i,4) OH OCTAHETCA M XaDAKTePHCTHKA NOAIET Mo xpusofi CR'A
lossrenne B. K. NIPHM UEpPeXoHe 4epes i==ig B CTQPOHY YBEIUYCHHA { M HCYe3-
HOBEHHA B. K. PN Nepexofe uepes i =i, B CTOPOHY YMEHbLUIEHHA i NPOUCXOAMT
HEe(IPEMEHHO, TaK Kak BHe¢ HHTepBata ({4 -% ig) ¢ ofoux CTOpPOH CymecTBYET

FOIbBKO ORHH YCTOAUMBGIA pemuM,

B 1oukax A ® B pacnpenelcHHe MOTEHUHANA (XAayKOM UEPeXOIUT OT pac-
npene cHMA THUA KpHBEX 3 ¥ 4 K pacnpelledeHHI0O THMA Rpueoit & (puc. 71, O).
[lpy a3ToM nepexol uepe3 TOYKY 5 CONpoBOXAAETCA M CKANKOM TOKOB § H iy,
HO B TOuYXe A 0pu HCue3HOBEHMH B, K. CKauka Tokos Her, Cogepuresso avano-
rHYHO MPORCXORHT CMeHA pexuMoB H npH Uyl > |.

[ip Uy, << 1 cueHa pesknMoB DPOTEKaeT CIOAHHM obpasom, ¢ Toit T0IbKO
pa3HEnel, uTC COCTOSIHHE C B. K. Tepser YcrohuueocTth B TOuke d kpuBofi cb'd
(puc. 73), roe KacaTelbHas K KPHBOH BepTWKadbHa H ellé Jo nepecedcHHs
¢ upamont QabAB. [lostoMy pacmal B. X. B nepexon d — 4 CONPOBOKNANTCA He
TOJIBKO CKEYKOM B DacupefleIeHnH HANDHAWEHHRA, HO H CKauKOM TOKa,

Ha puc. 72 Touk, H300pakalolHe pexUMu HCYe3HOBCHHA B. K., NPH YMEHb-
IIeHWW § AOMATCA Ha KpuByo 2, npoxoasmyio npu Ui/ = 0,8 uepes Touxy A

JKCNepHMEHTaTbHAR NPOBEPKA BAOIHE NOATBEPXkIAeT BWEOIL Teopnn o0 obpa-
BOBaHHH B, K. NPH (OJbIUHX NAOTHOCTAX TOKA, THRHYHMWIE Pe3yilbTaThl NPHBEEHH
#Ha puc. 74, CBepxy upMBefeHa 3aBUCHMOCTR [y ot / (/o U/ upn {J; = const npo-
NOPLUHOHANbHE i3 W {} U8 NAMIR C «¥IPABIAEMBM KaToZoM> n SoablIMM pacs
cTofAHHeM Mexay ceTkoH C, U aHojoM (3ech 53To 6wan cetka (y BEHTONA H
aHOI, COeAHHEHHLIE EMeCTR). 3NeKTPOIR HMeIl STAHNTHNECKOe ceveHre (puc. 74, a).
[lpaMaa uMeeT HaKIOH MEBbIIKHH 45°, Tak Xak NO OCH alCUHCC OTIOXEH MOJNHR
TOK, BKJ042A TOK Ha NOIOXMTEAbHYIO ceTKy (s Bce xpHBnie noxasWBaIOT naje-
HUE [y, HaYHHAA C HEKOTOPCIO 3HAYEHAHA f, YTO C HECGMHEHHOCTBHIO JMOKAa3WBaeT
BOSHUKROBEHHE B, X, HO CKauKOB ¥ FACTEPE3UCHBX ABACHKH B 3TON JaMiie He ofHa-
PYXHMBaeTCA, UTO MOMKHO OOBACHUTH TeM, 910 HPH INIANTHYECKOH CETKE IHIQT-
HOCTb TOKA OWEHb HEOAHHZKOBO pacnopeneiesa mo ee nosepxHocTd. Heonuaakosa,
CICAGHATEIBHO, (10 PA3HWM PaJHAIhHEM HANPABIEHHAM U NACTHOCTH MPOCTPAH-
CTBEHBOro 3apafa. B pe3ysbTarte BUPTYaAbHHWHA KaToON N0 PasHHIM HaNPaBICHHAM
BO3HHKAET IPH PA3HWX MOJHHX TOKaX H CKauka ne nofyuaercn. Ha puc. 74, 6
BOCIPOH3BEI€HZ 3aBHCHMOCTH [, OT [/ AIA CHeNHaibHO NOCTPOEHHOH JaMim
C KPYrOBbLIM CEYCHHEM 3IEKTPOJOE H TYCTRIMM, CAJeTeHHBIMH W3 TOHKHX Npo-
BOJIOK CeTKaMH. B stoll mamme ayuile coGAKOIAICTCA NPEMNOCHIKH TEOPHH M R.Ia
Hee HaGxonaeTca [MONHOe COriacHe SKCHEPHMEHTa H TEOpHH.

C 10oMOWbY TEODHH, Ppa3BHTOR BHINE, OKA3aN0CL BO3MOKHHM VCTAHOBHTS
CyulecTeoBaHWe CKAaYKOB NOTEHUHala W TOKa M (BoeoOpasHoro rucrepesnca,
Ho naa Toro 4rofni CTporo peIuHTh BOMPOC O rpadduax 1od o6racTH, B Knto-
poR CYUECTBYIOT NBa YCTOHYHBHI COCTOAHHA 4 B KOTOPOil, CIENOBATENLHO, Ha-
GnlonaeTCA THCTEPEINE, HYXHO O6mI0 Ol pPaccMOTpeTh BOUPOC 06 YCTOHYNBOCTH
saektpornore Toka. (Tporas TeOpHA YCTOHYHBOCTH 31€KTPOHHOTC TOKA B JHOILE
6wmaa pasguta C. B, BeaocTusoiM. BBHAY MaTeMaTu4eckol CAOKHOCTH TeOpHU
BemocTHHa MH HA Helt OCTaRABAHMBATLCA He Gynewm,

4. H3McHEHHE peHMa B 3aBHCHMOCTH OT Hanpaxenuwsu U; =, Bume
Obad HCCAEROBAHW H3MEHCHHA pEXHMA B IOTOKE SIKTPOHOB € OAHOPOIHHMH
HauaAbHBMH CKOPOCTAMA B 33BHCHMOCTH OT BXONAMETro TOka. [lepeilzeM Teueps
K HCCIeJOBaHUIO 33aBUCHMOCTH peXHM2 0T aHojHorce Hanpsixenua U,. MomHo

D B, U, Isooseos, % 1
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3apaHCC NIPEIBHACTh, YTC CKAYKODGPa3Hbe H3MEHEHHA PEXHMA, CBA3AHHHE ¢ NO-
ABICHHEM H [ICUC3HOBEHHMEM BHPTYAIBHOTO KAaTOMA3, TOAKHHW OOHAPYRHIbCHA W
3nech, ¥ 370 OTPA3NTCA HE XOlie BONBT-AMNIEPHBIX XaPaKTCPHCTHK. JKCALPHMLH-
TaJbHO CKAYKH B XOJE BOIBT-AMNEPHHX XAPAKTEPHCTHK Buepsne OHWiIH 0GHAapy-

£, mir
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Puc. 74, JcnepuMeHTadeHad NposepKa saBEcHMocTH fy oT [,

@ — HeUTOR SJAHNTAUECKOrO CeyeHus, ceTKM Cjz H 4 cogauHen:
euecTe; § — TETPOA KPYrOBOIO CEYEHHH,

WEeH B 3deKTpoHuniX Aamnax B 1921 r. [MaeaoBuM u nosme (1920 r.) Nxwarem
B AHTINM. L4

3aBACUMOCTE [, =f (U,) TmpH [ = const H DOCTOAHHWX 3HaYeHNAX Hampame-
HHH BCeX OCTaALHEX 3IEKTPONOB B TEOPHH 3JEKTPOHHHX JaMil HOCHI Ha3BaHHE
ANOAHOH BONLT-aMICPHOH X3apakTepHCTHKH. Ha npaxkrake B SKPAHHPOBAHHEX
paMinax (TeTpeaX H NeHTOJax) AJA YCRIeHHMA BHICOKOA YaCTOTH BXOLAUMKHA TOK
QU€Hb MAJO 3aBHCHT OT aHOIHMOro wanpawkerua ;.

Pemas ypasnenus (10.19) ornocmreavno Uy/U, B x,/d, noayuem

U i/ L Xm 1Y
Uy T e 2 d '
Xy 1 1
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Us [, fa  \V/3Ja
W"[‘s”_(ﬂ} ] ] (10.21)

Vpaenenun (1020) un (10.21} zawor 3aBUCHMOCTb is OT Us, T. €. aHOAHYIO XapaK-
TCPUCTHKY K INOJI0KEAHE BHPTYAaAbHOTO KATOIA. IDTH 3ABUCHMOCTH PadHuecCKH
aan (=10 # {=725 OpegcraBIeHb Ha PUC. 7O,

OTKY A

iz
10 i / =t
g
6 k2
74 3 1
/ Kime e
4 t R S S 2
)4 /
2 - f
e 6/
0 L 1
0 05 10 15 20 25 30 35 40t g 02 G4 05 08 o U.
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ff?25 ' a9
Iy F ai'ﬁ i
it
*’ﬂ?u j} a d_ﬁzu i}
i _f.é i =05 g‘a’.
g 05 19 15 20 25 30 35 404, G 062 0% 06 08 (1R

Pic. 75. 3aBHCHMOCTL NPHBEACHHOIO aroaHoro toka i M X /d ot UylU; naa
npyBeeHHOrs BXoAsulere Ttoka {= 10 B iy =20,

lMpu { =10, ecau naunnate ot U./U/; =0, BHpPTyanbHWi KaToXL BCEe BpeMA
CYmEeCTBYeT M TOK is PacTeT Npd Yybeauwuyedwdn s, HORA He OKA3HWBAETCH, 4TO
is =i (Touka A na Xapakrepucruke). B Touke A BApPTYalsHHH KAaTOl MCuesaer
M Iy OCTACTCA DPABHHM i, NOCAE Yero XaPaKTePHCTHKA HAET rOoPHU3OHTANLHO, €CAR
npevebpeus crabwm meficteuem {/; ma 1ok watoma. VICue3HOBEHHE BHPTYANbHOrO
Karoza 34ecCh Npoucxoant Oe3 ckauka Toka. Ilpw ofparHom Xole H3IMEHEHHA
B TOYKE A XapaKTePHUCTHKE BUPTYaIbHBA KATOXL HE BO3HHKAeT H XdPaKTePUCTHKA
ocTaeTcA FOPH3OHTAIbHGH N0 TOYKH B, riae cocrosHee Ge3 BMPTYAaNbLHOFO KaToma
TepseT yCTOHMMBOCTh. [loABrAeTcA BHPTYaJbHW Ka104 ¥ TOK CKAYKOM mnanaer o
BEAHYHHL, COOTBETCTIBYKIeH Touxke 5" XapaKTepHCTHKH TaKOTO THNA [0 YYAKOTCH
npe i =4, [pu | <<i<CT4 OTNHYHE XAPAKTEPUCTHKH OT TOJIBKO YTO PacCMOT-~
PEHHON 3aKIIOYAECTCA B TOM, YTO (UPH YBEIHUEHRH i COCTOAHHE € BHDTYATbHLIM
KAaToONOM TepaeT yYCToHuHBOCTh MpH #. << { B TOUKP XapakTepPUCTHKH C, rie Kaca-
TenpHa#s k Well BepTHkaabaa, [losToMYy CKAaYOK TOKa [OIYYAETCA H NpH pacnaie
BHPTYAIbHOTO KATORa U MPH €r0 NOABJICHHH,

Takum 00pasoM, B ITEKTPOHHOM NOTOKE € HAUYAIbHBIMYA CKOPOCTAMH BAHAHWE
NPOCTPAHCTBEHHOrO 3apAfa CKa3ulBaeTCd Ha dHOIHWX XAPAKTepPHCIUKaX, BO-MEp-
BWX, B NORBICHHM CKAYKOB U 3IEKTPOHHOrC FHCTEPE3NCa OpH LOCTATOMHO CHAb-

B
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HBX TOK4X, BO-BTOPHWYX, (ODPMa XAPAKTEPHCTHK MpPH MaibliX AHOJIHBIX Hafiprke-
ruax {J/x TaKOBA, YTO XapakTepPUCTHKY OOpam[eHbl K OCH, HA KOTOPOH OTAQKEHO
AHOHOE HanpAXeHue, CBOEH BHNOVKIOCTbIo (B TO BpeMa KaK §e3 yueTa BIHAHHA
MPOCTPAaHCTBEHHOrO 3aPANA BBUIYKJOCTb XaPaKTePHUCTHKH o0pamiCcHa B JAPYryio
cTopony). Kak MW YBHIMM HAXe, ¥ HEKOTOPHX 3XEKTPOHHLIX JaMN  BIHAHHE
NPOCTPAHCTBEHHOID 33pANa Ha XapaKTepPHCTUKH NPOABIAETCA HMEHHO B 3TOH
dopme (cv. 4. I, ra. 5) %)

§ t1. lipocTparcTBeHHBIH 3apaA B SJAEKTPOHHLIX AydYax

1. INEeKTPOCTATHYECKOE W DIEKTPONHHAMHYECKOE B3aHMOJcHcTRHE
JIEKTPOHOBR B nydKe. TPACKTOPUH 3AEKTPOHOB B OTCYTCTBHE BHEIIHHX
noxelt, ecan npeHelperate MX B3aUMOAEHCTBHEM, TpsmoanHeinn. B meli-
CTBUTEALHOCTH NPAMOJIMHEHHOCTD TPAEKTOPHHR HapylWAeTCH U3-33 3AEKTPO-
CTaTUUECKUX M 9JEKTPONHMHAMHYECKAX B3aHMOACHCTBUR MeXIY 3JEKTpo-
HaM¥, KOTOpHE MOFYT 34METHO H3MEHWTb OUEPTAHMA NYHKA JEKTPOHHLIX
ayyel. Mpl paccMOTpMM TOABLKO aKCHAJAbHOCHMMETPHUHHH NOYYOK 3JEKT-
pPOHOB.

IIycTh 3JEKTPOH HaXOAMTCA HA PACCTOAMUM F OT OCH Myuka. Berzemus
B NYYKE HWUAMHAP DARMYCA 7 — BHYTPEHHIOW YacCTh, @ BCIC OCTAIBHYWO
YaCTh TNYYKa HAI0BEM BHEWHEHR vacTho. Kak H3BECTHO U3 TEOpuH noJs,
BHCIIHAA 4YacTh He co3AdeT BHYTIPH cels Hu 3AEKTPHYECKOro, HA MarHHT-
HOro MO0As, €CAd PacnpeaesieHHE 3aPAf0OB W TOKCB B Heit 06.1a1aeT ocerolt
CHMMETDUCH, MOAOOHO TOMY Kak PABHOMEDPHO 3apaxeHHBR miap He Co3-
naeT Noas B cBoel BHyTpeHue#t noaoctn. BHYTpPeHHAst e wacTh Tyuka
co3faeTr BHe celX MoAe Tak, Kak 6yaTo Gul Bech ee 3apaa Gha Cocpeso-
TOUCH Ha OCH W JBUFaJACA BAOJbL HEE. _

3apsa Ha eauHuue OCEBOH JMMHWM NYYKa ¢ — %r%p, M Ha 3AEKTpPOH
NefiCTBYET 3JEKTPKUECKOE NOJAe ¢ CHAOH

F,o=e 2q .____ 2rrp

. - e = 2xrpe, (11.1)

HanpapJeHHOH OT OCH, H JOPCHLEBA CHAa
[ 4

HaNPaBJEHHAs B NPOTABONOJOKHYIO CTOPOHY. TOK BO BHYTpEHHEH 4acTH
Myuyxka paBeH
[ =nr*j = nripv,

BexkTOp HanpAXEHHOCTH MATHHTHOTO TMOAA Ha PacCTOAHMH F OT OCH
TNEPNCHAMKY AAPEH K CKOPOCTH W no 3akoHy Buo-Casapa pasen
2f

H== =2mpr 2.
cr ¢

*) O Teopun 1HO1a € HAYANbHHMH CKODOCTAMH 3IEKTPOHOB, OTJIHYHBIMA OF
Hyasa, cM. [J1 1 12, ra. VI|.
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Taxkum o6pasoM, JOpPEHIEBA CHAA paBHa

ﬂ : - . .
FH=——2-rcrpeé? (11.2)
W noAHad cuaa, nelicTBylonlad Ha 3AEKTPOH,
F=F,} Fg=2npe (1 —v¥ct). (11.3)
Adas MenJeHHnX SJACKTPOHOB € COBEDIIEHHO JOCTATOUHON TOUHOCTLIO
F =F,=2xrpe.

JIEKTPOAHHAMHYECKHUE CHAB, CKAMAIILHE NYYOK, OKAJshBATCA, BO
BCAKOM Clyudae AAA MEAJeHHHX SNEKTPOHOB, rOpasio cjafee paciuvpsio-
UMX TMYYOK 3MEKTPOCTATHUECKHX CHIL

2. Wamenenne (OpPMBI MyuKa BCACACTBHE OTTAJIKHBAHHRA 3JAEKTPO-
goB. [loTesuman Ha pacCTOSHWM r OT OCH PABEH

U==—2¢gInr -l coust. (11.4)
PaauanbHas CAAralollas CKOPOCTH ' ONPEAEJUTCS 43 COOTHOLIEHHS
-2
O 1 et = const. (11.5)
HMa (11.4) -u (11.5) caenmyert:
(F)*=4ygInr--C, (11.6)

rie C — NMOCTOSHHAA, KOTOPYIO MOXHO HalTH, €CAA H3BECTHW F U F Aad
KaKoro-EWGyIb ceueHnss syyka. IIyCTh, HANpAMED, B MECTE BHIXOa
/EeKTPOHOB B MPOCTPaHCTBO, cBOGOAHOE OT BHEWMIHHX noJeH, Ha nepu-
depun nyuxa

r==ry J"=f0=0

(T. e. nyuoKk BHawane napaianenbumi). Torza

C=—47gln Tor

- -
(F=amR, (1.7

r
a—= 411?: R:_r-ﬂ-

Mz (11.7) cnexyer, 4TO BpEMs TPOAETa 3AEKTPOHOB AC TOrO MECTa,
rAe paguycC TYUKa 2CNaeTCH PaBHLIM 1, DABHO

f R
dx
t— T2, S ——, 11.8
Vea i Yinx (11.8)
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Jlnn TapaKkcHaibHLIX 2AE€KTPOHOB v, Az v =}/ 24U/,, rae U, — ycxopsio-
Wee HanpsXeHRue. 3apsh HA eAUHWILY RJAMHH Gyxer

g=mp=t =L
v YU, ’

rae /-—cuna toka B myuke. Cagxosarenbno, nepexoas B (11.8) or

-—

paf

3

,2 ({sz | .-n-"'"'-— =
11 |11} — =3

10 fmem=mm=t—p T T

8 P /’

»

8 Jeulomium myl L

7 >

4 i :.r

5

4 ;

| Towo sacumansrozo

3 T apenyoronus morg

2 il

f 2 :’/

a

g1 ©2) @3 (G4 @5) @8 47 (28 (89
! 2 3 L/ 5 & 7 8 9
" 2z
23UF &

Puc. 76, KpuBas Zaa pacuera PacxXoXAeHHs 3JCKTPOHHOTCO 0VHKA B
npocTpanctse, cBOGORHOM OT BHEMIHEr0 NoaA (YHHBEDCRILHAR KpPH-
Baa orubGamomen a1yua).

IIyERTHpom faR ydyactrox ab Kpiusoll 8 ypeIMueHHOM Mactirale,

BPEMEHH K PAacCTOAHRIO 2, M3MEPSEMOMY BAOAb OCH, W RPHHAMAY BO
BHHMAHHUE, 4TO0 2 ==9v,[, NoAyuuM:

— 3, R
z A/ U ¢ dx
re. ¥V 2 s IS Vinx (11.9a)

rm, ecad Bupasuth {J, B KuaosoabTax # [ B MHIIUaMAEpax:
3, R

z a dx
—=32,3 . .
o 17 S = (11.96)

Uarerpan, exoasmud B (11.9), #e BuipaxaeTcd 8 /JeMEHTIPHHX OYHK-
unx, B. C. JIykomkos, KOTopoMy nNpuHALIeXaT H3AOKEHHBIE BHILE
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pacyeTH *), cocraBua TalAMIly 3HaueHA# 5TOro muTérpasa. Pesyabrartu

BHUMCACHAR H300pawaloTcs yHABepcadbHOM KpHBOW Ha puc. 76, rae mno
Illc"z
OCHM OTJIOKEHH BEJHUMHB X —=— ——F—
fo 32,307/t
Ilpy nomom yHesepcaasHOR KpueoH puc. 76 MOXKHO HaiTH pacXox-
NE€HHE TIaPAVIEAbHOrO TNyYKa B NPOCTPAHCTBE, CBOGOAHOM OT BHEIHHX

noach. Hanpuwep, nycre U, =10 x8, =4 ma, ry==0,1 cx¥ u 1pe-

r
’ yzR:Fn.

Puc. 77. Popma, KOTOPYIO DPHHHMAET CXoNaumiica
9JEKTPOHHHHA AYYOK 06CAe BHIOAA B NPOCTPAHCIRO,
¢Bo6CAHOE OT BHEUIHErD BOJA,

GyeTca ONpeRemdTh, Ha KAKOM PaCCTOAHAR OT BXOAHON AWadparMul paguyc
Nyuka yBeJIMYUTCA BABOE, T. € Oyaer R =2. M3 rpaduka sumHo, yTo npu

2 5 2z i
y=R==2 Oyaner x_a_—_m,w;’*

==2,2. Orcioma =20 cx,

s npakTHKe OOALLION MHTEpPEC NPEACTABNAET Cayuall CXOoamuuxcs
Ayuel, NOAY4eHHHX ¢ MOMONLLIO MOAXOAANEN CuUCTEMB JHH3. Ypasue-
e (11.5) ocTaercs ¥ 34€Chb CNPaBEAHBRIM, HO HAYAMbHHE YCIOBRA
6yayt unuimu. HMmenHo (puc. 77) B MOMEHT BHXOZa B NPOCTPAHCTIEO,
CBOGOZHOE OT BHEWHAX NOAel, r==r,, U F=rp—v.iga, Tak ur0
Byecto (11.7) moayunaTcs:

P=al -+ g% (11.10)

*) TP, 1. 6, 1936, AnanormyHnie pacyeTs OwWIH CAeAaHWN R APYTHMH
aBTopaMa,
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- S
B MecTe MakCHMaJeHOrO CyXeHMs Ha <luefike» nyuka r=—1_ u paiuyc
«IeAKn» ONPEALAUBTCA H3 PAaBEHCTBA

—vztgia
rmmzraxexp{ _za—g }’
HJIH
"1 e _ﬂ;‘,[gza__ 2 (_}_a_gj E 2
lnrmin_ -~ =tg 5= 1 5 tg*a, (11.11a)
. Y
a ecnd onaTh {/, BupasuTh B KAMNOBOABTAX H [ B MUAIUAMNEPAX, TO
va"
InP —1,04. 10°1g%a =2 (11.116)

- -

' min

Paanyc nyuka npe Jo60M 3HAaYCHWH 2 MOXHO HaRkTH #3 yPAaBHCHUA
(11.10). M3 sroro ypasHenus

R

t=r S _dx
u] VY elox + 27U, 1g%« ’

rae R-———-—{;—. Tak Kak z=tv,~=¢t ) 29U, 10
RX

R

F4 dx
= 2y . 11.12
Fex V e S Valnx 4 24U, 1g2 a ( )

Mo (11.12) moxBO, HCIOAB3YH NPHEMH YHCACHHOIO HHTErpUPOBaHMA,
NOCTPOHTL € MOOA TOYHOCTBIO BHEWHHRK KOHTYP Iyuxa.

Panryc uwefixse MoxHO Halitm no dopmyne (11.11). Hanpumep, aas
U =10 gsul =4 mgnoayuam npn o= 0,01, 4107, /rmn— 2,26, » ana
e¢=1/50 (noraras tgam=a?) r, from=—1263.

3. Nonyuenuwe Hanboapmeldl CHAM TOKA B Dy4YKe, HPOXOLAMEM
yepe3 TpyOky. OnHoH 43 BaXHHWX 3aXay, BO3HUKAIOMMX NpH paspaboTke
BRCOKOUYaCTOTHHX JYYEBHX AaMl (KAACTDORB, JaMnel ¢ 6erynileil Boano#),
ABAKETCA JAOCTHXEHHE BO3MOXHO 6OACE CHALHOMO TOKAa B NYUYKE, MPOXO-
AALEM YEpe3 MOAOCTb, OKPYKEHHYK NPOBOASIIAMA CTEHKaMH, HanpuMmep
yepes NPOCTPAHCTRO Apeiida ABYXKOHTYPHOro Kaucrpona (cm. u. Il, ra, 6),

Nycrs a1a nosocTs nNpeacrasaieT cofofl LHAMHAPHYECKYIO MeTad-
Anveckyw TpyOky., Jags pemeuua 3afaum 0 OOAYYEHEH HanGOAbILETO
TOKA NUYyYKa MOXKHO HCNOAb30BAThH  BASKTPOCTATHUECKYIC (OKYCH-
POBKY HJIN CXATHE Nydyka MarHaTHeiM nojeM. Ecau ob6xoaurhca Ges
MarHATHOrC [OJ4, TO, QUEBHAHO, HAaJ0 CHAYaAa CREeJATh TYYOK CXOXA-
DIHMCST C [OMOULBIO MOAXOAAILECH CHCTEMH AMH3. Benay TOro 4ro 3mexkrpe-
CTATHYECKHE CHAH B3aUMOACHCTBHA IACKTPOHOB HE 33aBHCAT OT Hanpa-
BACHUA [BHXEHHSA, NYUOK OYyJEr UMETh (DOPMY, CHMMEIPDHUHYIO OTHOCH-
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TEJRHO Hanboaee yaxkoro MecTa — WeRkd. W3 tpex p3anMHHX NOJ0KEHAR
nyyxa OTHOCHTEABHO TDYOKW, H3OGDaXEHHWX Ha puc. 78, Hauloaee
BRFOAHWM GYAET CHMMETPHUHOE TMOJOMEHHE, KOrAa weiKa JEeWHT Kax
paa mnocepeawne TPYOKH (puC.

78, 6). lloaowenwe, npHBeIEH- LTI Ll L it £

HOe HAa pHC. 78, 2, HE COOTBET- \_,/
CTBYET MAKCUMAJIBHOMY TOKY, 9 ~——====---==--=--- - Oco
TaKk KaKk TP YBEAWUSHBH TOKa /\
niehka OyAeT CABHCATbCA BAGBO it | |
® AWAMETP NYYKA Y BHXOAHOIO

oteepcTHa  Oyler  yBenuum-

BaTbCfl, HO MNONZLAHUA  INEKT-

POHOB Ha CTEHKE TPYOKH eme

e 6yner. B mnonoxennn, uao-

OpaxeHHoM Ha puc. 78, 8, aaeK- 6 = —2r A e
TPOHH [IONAafaloT Ha CTEHKW M M X

4aCcTh TOKAa NYyuKa Tepsercd. B %

CUMMETPHUUHOM TOJOKEHHW, MNO- s
Ka3aHHOM HAa puc. 78, 0, TOK
Ha CTEHKE OTCYTICTBYET # Bhl-
'XOJHOE OTBEPCTHE LIEAUKOM 3a-
NOJHEHO SJCKTPOHHBIM HYYKOM.

VIR AII I H IS LTI TP I T AP BE I RAT I
FlonsTHO, 4YTO 1pPH 3ITOM TOK \\\dj
yepe3 TpyOry HauGoasmmnh. ) —-— ST Db
B mecTe MaKCcUMaabHOrO Cy- /_\
JKEHRA TY4YKa nocepeavHe Tpyé- ”m

KH 3JEKTPOHL ABIKYTCH Tapai-
nemvHo OCH M mas  pacuera PBC 78 K pacuery HamGoabweR cHaw

TOKA 0Ovy4Ka, nNpaXoafamero y£pe3 UHJIKA-
paclMpeHns NyuKa CrnpaBa OT yuka, NpOXOAL P

ApHYecKYio TpyOxy.
€T0 WEeHKH MOXHD HCNOAL30BATEL
KpuBylo puc, 76.
Ilna HauGoOMbIIETO TOKA NMyuKa B BUXOZHOM OTBEpCTHR 7= d/2 uMeeMm
2=1/{2 ¥ KOODXHHATH COOTBETCTBYIOMEN TOUKH HA YHHBEPCANbHOH KpUBOH
puc. 76 Oyayr: |

rsp AT S

z Iz ! s r d
x T ——— e e -_— —= _—— _13
B mmarn TR wy UL

TOe ry=—"rmin. OTCI02a
V=2 3230%x]y.

Taxkww ofOpasoMm, HauGoabmas cuaa Toxa npW 3aganHmx d, / m U coor-
BETCTBYET HanGoabwieMy oThowenuro x|y, Ha kpusofl puc. 76 nan6omb-
ntee 3Hadenne x/y 6yaer AAs TOYKA M, B XOTOPOH npamas, NpoBegcHHas
H3 Hayala KOOPAMHAT, Kacaerca yHusepcaiabHoH Kpesoh. Touka M umeer
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K0OpAHMHATH X — 2,60; y=—=—2,35, Taxk uro

wi=1 32, 32-@(1*/ (11.14)

HIH

Imax = 1280 (%)’ U [,

ecan {/ soipaweno B KuaosonbTax. Hanpumep, npn =1 x§ u -'f—:‘/a
TOK Ipax == 38 Ma. Nuamerp ieHKH 27, NPy CUMMETPHYHOM €€ NOJO-
MEHWH M MaKcUManpHOM TOXe OGyner pased d/2,30=—0,425d. Cymecr-
BEHHO, YTO MPU HAPYIIEHHH YC/JAOBHH NPOXOKAEHHA MaKCHMaNbHOrQ TOKa
TOK uepe3 TPYOKH YMEHbIUNACTCA MAOBOJILHO MEANEHHO: NPH H3MCHEHUH
auametpa wedkn or 0,25d no 0,6d m coorBeTcTBEHHOM €€ CMeuleHHH
us cepelMHH TPYOKH Tepsercs Menee 10°, Toka uepes TpyGky.

Paciuypenye Tyuka MOMHO MPeJOTBPATUTE ¢ TNOMOULLIO CHALHOIQ
Mar BHTHOTO 110JIS1, HAmNpaBAEHHOro BAOJAb OCH, OJZHAKO W B 3TOM CAyuae,
NpR 3aJaHHOM HANPAXCHHH, CYMECTBYET HEKOTOpAas MAKCHUMa/bHAg CHAa
TOKa. JTO BHAHKO YWKE€ H3 TOro, YTO YBEAHUEHAE CUMBI TOKA BJAEYET 34
cofoff naneHre NOTeHnuana B nyuxke, Haubosee cabHOE HA OCH, riAe
MOTEHUKAaJ PaHO WAM FO3XHO HZOAKEH YNacTh A0 HYJs, NOCAE 4ero
YaCTs SASKTPOHOB A0MAKHA OyZeT NGBOPAuUHBATL HAa3ad.

Chenyer OTAHYaTh /{Ba CAYYa¥ MarHHTHOTO CKaTHd nyuka: 1) xarox
JEXHT BHE MATHHUTHOTO TOJA4, B KOTOPOE My4OK MOonaizaeT Nocae Npo-
XOXIEHHA HEKOTODOH# CUCTEMH AHHS3; 2) KaTox W BEChb fYUYOK HAXOOATCS
8 MarHRTHOM mnonae. Bropo#fi cayuyalh npome, # MH OrpaHHYUMCHE  €ero
paccMotpenseM, Kax 6uio nokasaHo B § 2, B 3TOM caywae npWw AoCTa-
TOYHO CHABHOM MArHUTHOM NOJE CNHPAJEBUIHHE TPAGKTOPDUH IAEKTPOHOS
OCTIOTCA BCE BpeMd OYEeHb GJAH3KAMHE K CHJAOBHIM JHHHAM T[QJS.

BuygcauM MaKcaManbHyio Cuny TOKa. BRYTPH NYuYKa CNpaBejyiMBO
ypaenenuae [Tyaccona
dazl 1 a7

+—

=t (11.15)

Hcnoassya coorHomenws
j=—pv, v=V2U
¥ BBOAS HOBWE GE3PaaMEpHHE TIEPEMEHHHE — OTHOCHTEbHOE HATIPRIKEHHE
O = U/Um, (11.16)
ra¢ Umin — HaNpsXKEHUEe Ha OCH, H <MPHUBEAEHHBIR paauycCs

R—r []/21"(:;"’ ]""', (11.17)

mip
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MOKHO npusectr (11.18) K suny
azo 1 d@

— —1 -
ﬁa--lv-j?-d?-—@ } ’ (11.18)
dd
npuyeM Ha ocu nyuka R=0, ¢=1, R 0.

Ypaenenue (11.18) npuxonuTCs: HHTErpHpPOBaTh YHCACHHO; pE3yAbTaT
WHTEerpupoBanua HaoOpamaercs kpusoh puc. 79
Hs (11.16) u (11.17) caenyert:

_s dar*j 4/
WPt ——— == =kl 11.19
R =S = vy (11.19)

31ecs [~~TOK B LHJAHHAIDE PajKyca r B MPEANOJOKEHHH, UTO NJOTHOCTD
TOKa OJMHAKOBA N0 ceveHdio, n [J— HanpskeHwe #Ha PaCCTOAHHH T OT

e

=

/ 8 N

/’ 16 N
4

02 AN

4 1,0 2
/ 08 N
/ % \

G

L~ 82

g
g G 01 02 03 Q4 45 G6 G7 48 49 19
g + 2 3 4 5 § 7 3R ye

Puc. 79. 3apucumocTh Mexay Pug, 80, K BHYHCIEHMIO MaKCHM3IbHOH CHIN
OTHOCHTENbHWM TOTeHnMarzoM ¢ ToKa B HHAMHAPHUECKOM Myuke 3SJIEKTPOHOB,
W TPHBEJCHHWM PpAamgHyCcoM X B s
HHIHHAPHYECKOM NYyUKe 3aekTpo-  CHATOM MArHHTHLIM noaeM. R*®%/+ nuponop-
HOB, PAaCcXOXICHHE KOTOPOIQ nuoBaisHo [,

YCTPAHEHO MArHATHLIM NOIeM.

MW R o o o &g

-

ocH. Bemmuwna R¥P—*%/:, nponopuAoBanpHas TOKY M BHYHCAEHHas MO
KpuBo#l puc. 79, npeactaeaexa Ha prc. 80 B saBuchMocTH OT 1/D, T. e,
B 3aBUCUMOCTH OT OTHOLIEHUA HANPAXEHHS HA OCH MYYKd H HANPAKEHUA
HA pacCTOAHMM r OT Hee, Puc. 80 nokasmBaer, ute R¥@—%: umeer
Makcumym, pasHnii 1,963 npu 1/@==0,174, nau ®=75,75. Dromy 3Ha-
venuto R*P—3/t COOTBETCTBYET MAKCHMYM TOKA.

[TycTe rp— pasuyc METAaAAMuecKOR TpPyOKM, 4Yepe3 KOTOPYIo
OPOXOAXT MNYY0K, B {J, —ee HanpskeHHe N0 OTHOLIEHHI0O K KAaroLy.
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AGCOMOTHEIM MaKCHMYM TOKa GyAeT OOCTUFRYT, OUCBHAHO, ECAM {IYUOK 3a-
MOAHUT TPYOKY uedunkoM. B stom cayuae

RO == 1,963, r=ry, U=U, I=/Ina
H Hu3 (11.19)

Imax = 1,963 lf%—" ol (11.20a)

uid, ecan U/, BRPaXKeHO B KUAOBOJbTAX!
Tmax = 102402 | mal. (11.206)

Kak Gwsio mokasado Beie, npe {=/p,y Ha OCU 0yYKa HanpaKeHne
cocrapnser 0,174/, B TO BpemMa Kak Ha TEepBHA B3rAf] KameTcs, uTo
BO3MOMHO NanpHeluiee ysearueHde CHAL TOKa BIMIOTH A0 TeX NOP, 1oxa
Ha OC4 HanpAWeHHe He ynaner Ao kyada. OaHAKOo 0Kasaloch, 4T0 mpH
Umin < 0,174U, 10K yMenbmaercs, OTC01a DPHXOARTCA 3aKII0YUTH, UTO
npd nepexode uepe3 snavenne Upy,==0,174{/, B nyuke obpaayercs
BUPTyasbHHHE KaToOA, M YacTb JEKTPOHOB NOBOpadHBaeT Haszaa, Mute-
pPecHo, YTO RIS MYUKA, LENHKOM 3aNOJHRIOWEro TpyOKy, HAXOAALLYIOCH
noa HanpsukedueM U, Inae HE 3aBHCHT HH OT AAMAN TPYOKH, HA OT e€e
AMAaMETpa, HO MarHWTHOE NOJ€, HeOOXOoNuMOe a5 TNpegynpexacHHUs pac-
INUPEHUE TY4Kd, KOTOPOE BHItle OBIO0 DPHHATO <«I10CTaTOUHO CHJbHBIM»
OJd 3TOr0, pacTer NPONOPLUHOHANBHO TOKY HYyuKa.

Cpasnenue (11.20) ¢ (11.14) noxaswBaeTr, 410 €caH —‘;;<0,9, TO

C TNIOMOIILIO MArHUTHOFO C(XAaTHR MOMHO AGOHTLCE yepes TPyOGKy OOnb-
Mero TOKa, weM ¢ NOMOIULI0 3ACKTPOCTATHYECKOH (POKYCHPOBKH. JNEKTPO-
€TaTUYeCKast JOKYCHPOBKA BLIroOAHa, CACAOBATENbHO, TOABKO AAS KOPOTKHX
u mupokux TtpyGok. He Bywuo, onwako, 3a0HBaTe, YTO B yCAOBHAX
MAKCHUMaABHOFO TOKZ NPH MAFHHTHOM CXATKH HANPAXKEHHE H2 OCU COCTa-
BagseT 1oabko 0,174 oT manmpaxenus HAa TpPyGKeE M, 3HaYUT, CKODOCTh
3JEKTPOHOB Ha ocH nagaer a0 0,42 ckopocrd no nepudepud. Taroe
YMEHBIIEHUE CKOPOCTH H COOTBETCTBYIOUIEE YBEJHYCHHUE BPeMeHu mpodera
OKA3HNBAIOTCH HEBHCOAHLIMM, HanpuUMep, B KJAHCTporax. Brmuuciaenus noxa-
SHBAIOT, YTO0 ©CAH CHWXEHWEe NOTEHLMaNZ Ha OCH HE AQ/NKHO MPEBHNIATh
10%,, T0 MakcumanpHu# TOK, ecau [/, NO-NPEXKHEMY BHPAKATD B KUAO-
BOAbTAX, Oymer

Imax = 205812 {Ma). (11.21)

Ins nonyueHHs IMMHHOrO 3AEKTPOHHOrG NYUKA METOAOM MArHHTHOIO
CKATHS HeoOXOAMMO HMETh Ha BCEM €rQ NPOTAXKEHHMH CHJIBHOE NPOILONbL-
HOE Maru®THOE NoJe, KOTOPOE CO3A2ETCs Ha NPAKTHKE C [IOMOILIBIO MHOT OCHOMH-
HORKaTy KK, THTaEMON CHABHEIM TOKOM. 3TO SHAYHTEIBHO YTHKEARET U Y 10DO-
KacT goxrycupyrouee ycrpoitcrso. [loatoMy yacTo oxa3nBaeTcs BHIOIHOH
(hoXyCHPOBKA JUVIMHHBEIX NYYKOB € TOMOLIbIO NPOCTPAHCTBEHHO-NEPHOAHYE-
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CKOTO 3IEKTPOCTATHUECKOrG NOAA, CO3IABAEMOro psiaoM CaalbXx 31eKTpo-
CTATHUECKUX JHH3, PACIOJAOWEHHBIX TaK, KaK 3To noxasado Ha pwuc. 81.
OnTHYECKas CHA3 JHH3 NOAOGHPAeTcs C T2KUM pacueToM, 4TOOB CXOKICHHE
Ny4Ka B NOJAE JUH3E KOMIEHCHPOBAMO Er0 PACXONKACHUE MEAIY JTHHBAMH,
BO3HAKAWILEE BCASICTBHE 3JEKTPOCTATHUECKOro OTTaiakksauus. Ha myuxe,
C(OPMHPOBAHHOM TIEPHOIKYECKHM INEKTPHYECKHM MONEM, NOABALIOTCS YEpe-
IYIOWAECH PACUIMPEHNUsS ¥ CYXEHRA.

4. Pone wnoHOB B 2JjexTpoHHom notoke. Ha dopmy nyuka npu
M3BECTHBIX OOCTOATEABCTAX MOry! OKA3HBATL CYLICCTBEHHOE BAUAHHE
HOHH. IDTO BAMAHME OHO 3AMEYEHO YKE JAIBHO M NMPUMEHSIOCH MpakTu-
YECKH B CTApBIX OCHHMAOrpapHyecKHX TPyOkax (TaKk HasslBaeMas rasonas
(hOKYCHpOBKA).

["azoBylo POKYCHPOBKY B NOCNEIHEe BpeMA HCNOAL3YIOT B BBICOKO-
4aCTOTHHIX 7AaMnax Oeryule#l BOAHe ¥ aavnax ofpatHo# Boaum (cM. § 51),
rie  SAKTPOHHBH  [OTOK

uMeeT  GopMy  AIMHHOTO U, Y, U
ToMKOro mHypa. CymHocTs

ABJACHHN  3aKAKYAETCH B ”Uz U t Uy
cAeIywWeN: B mOpefeiax R S e -
9MEKTPOHHOrO Nyyka mpo- -M/////,,W/W////‘//M
UCXOIUT HOHH3AUHA, [PH- = T ' )
yeM MEAJCHHHE BTOPHYHHIE “ ” ﬂ ”
INEKTPOKBI 601b1UCH 4ACTHIO

YCNEBAT  NpOoAMPPYHAHE-  Puc. 81, POKyCHpoBKa UEPHDIHYCCKHM 3aeKTpH-
poBath U3 nyuxka 6e3 pe- UECKHM f10JEM.

KOMOHHAOUN ¢ WBOHAMH, B

TO BpeEMA KaK NONOGKUTENbHEIS HOHH H3-34a Gonpmoh MAdCCH
3a0€PKABAIOTCA B My4ke ropasno Jonabvwe. B urore  ofpasyercd
OONOKUTEALHO 3apDKeHMLIH  «CTepeHb» TYUYKa,  MOJHOCTBO  fpe-
0A0AeBaAIEA SALKTPOCTATHYECKOE PACTAJIKHBAHHE JEKTPOHOR, H MYUOK
SACKTPOHOB MPUHMMAET BUJ AJAHHOH TOHKO# mATH. Tax Kak nasjeHue
ornocatensHo Beanko {1077 — 10% ux pr. ¢T.), T0 Ha [NPOTAKEHHH
HMTEBHAHOrO TYYKAE CYLUECTBYET CBCUEHHE BO30YKICHHA H MyYOK MOKHO
cgororpadupoBarh. IJTHM CNOCOGOM YAaCTO NOAL3YIOTCA AJA H3YYERUA
TpaeKkTopult 3NeKXTPOHOB (CM., Hanpumep, puc. 15), Teopus rasosoi ¢oky-
cupoBxH Ohina naHa M. WM. dpeuxenem u Gobromcknm ¥ M. M. Epenosuiy
[JI. 1.13; JI. 1.14).

B coepeMendHnX nydeBHX TPyOGKaxX NPUXOAMTCH AMETh JEA0 C NYUYKOM
GRICTDHIX 3JIEKTPOHOB B BRICOKOM Bakyyme (10— 10"% wum pr. cr)
H KOJHYECTBO KHOHOB IOMKHO OHTb MHOTO MEHBINE, YEM IIPM IABJICHHAX,
Onaronpy#ATHX 445 00pa3soBaHdd HUTEBHAHHIX mnyukos. Ecaum mnyyok
OKPYXKEH CTEHKAMH C BHCOKHM NOTEHIMAZOM, KaK 3TO Yalte BCero OhBAIET,
TO MEAJMEHHLIC 3.1EeKTPOHH, OOpa3oBaBiMUEcH B AKTAX HOHH3AHHH, OyayT
GHICTPO M3BAEKATHLCA M3 NyyKa, PEeKOMOHHaUHa OyNeT NoduT# OTICYTCIBO-
BAaTL W B Myuke OyayT HAKANAKBATHCH TOJOKUTENBHHIE WOHHEL, TakuMm
08pa3zoM, 4 31EeCh MOKHO OXKUAATL 3HAMKISALHOrO YHCJI2 HOHOB B MYUKE,
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B 3aMETHOH CTEMNEeHH, €CAM HE BHOOJHe, HEHTPAIH3YUMUX [3aUMHOE OT-
TAJKHBAHKWE ACKTpOHOB., QUEBHIHO, 4TQ €CJAH NOAOKEHHWE WMEHHO TaKoBO,
TO Pe3y/IbTaThl TPOACAAHHBIX BHINE DACYETOB MUAJIIOS30QHB, B 4dCT-
HOCTH, lIPpEAE/IbHAY IJOTHOCTL TOKA B MYyUYKe /0MkHa ObTh BHWE pac-
CyuranHoit. OQIHEKO ONHT NOKAasHBIET, YuT¢ 3TO HE Tak ¥ uroe B Jefi-
CTBHUTENLHOCTA MAKCUMAIbLHAA CHJA TOKa GJAH3KO MNOAXOAWT K ee Teope-
THUECKOMY 3HaueHuw., OTcCioza caeayer, YTe CyIecTsyer Kakoh-To
3hexTHRHO NeHCTBYIOMMN MEXaHW3M H3BJEYEHUA HOHOB u3 nyuka. Ero
MOXKHO DpeacTasuTh ¢€6¢ B TaKoM BHAC: BOAHU3U BXOIHOIO OTBEPCTHS
TPYOKR 3JAGKTPHUECKOE TNIOJE MMEET COCTEBAAIOLLYI0, HANPaBJRHHYIO K

ramed

Puc. 82, BoaMoxHnft MexaHu3M YjaZeHHA HOHOB W3 IM€KTPOHHOIC 15Y4Ka.

katony (puc. 82). OnuT nokassBaeT, 4TO 5TOT MEXAHH3IM OTCaCBIBZHHA
HOHOB M3 MNy4yKa 1OCTaTOus0 adpekTusen.

MOXHO 3HAUMTEALHO NOBLICHTE CHJY TOKA B HYUKe, CO371aRas CBOEro
poda <«HOHHYIO JAoayiiky», JlAd 3Toro aocraTowio No KoHuaM TpyOKu
YCTAaHOBHTh  3JAEKTPOAHW-AHAGPArMel, HANPAKEHHA KOTOPHX  HEMHOTO
(va Al/) Bumme nanpaxenus TpyGww. Hanpawmep, npa U, =35800 s,
nnune TpyOku /=36 cx w AU=0 ny4ox Ha BHIXO1E PACHIHPIACH
BABOE (r/ro==2) M TEPAIOCH, 3HAUMT, OKOAO 3[4 ToKa, a ppu AU ==<158
PacHIMPEHHE OKa3aJ0Ch NOJAHOCTBIO yCTpaHeHHuoM. [Ipu sTtom uepes Tpylxy
YZAB2IOCh IPONYCINTh TOK CcHAOR 136 me. [asaexne COCTABASAO BCEro
5107 mm pr. cr. Jlerko nouars, uto Al/—15 ¢ He morao Cyiue-
CTBEHHO U3MEHHMTH 3JAEKTPOHHOONTHUECKHE CBOHCTBA CHCTEMK  JIMH3,
Agwomel NpeiaBapuTensbHYo (POKYCHPOBKY IyuKa.

Ilo BceM BonpocaM, oOCYyXKIEHHHM B HaCTOALIEM Raparpage, oM.
[JL 1. 8§ 1 2; JI. 1. 13; JL. 1. 14 u ocobesro JI. 1.6].



FrTABA 2
QJEKTPOHHASI DMUCCHUH

B nactoauied raase uU3yuwalOTCHd Da3ARIHHE BUAH 3MHCCHR (Mcnycka-
u¥a) ACKTPOHOB TBEDIKMH TENAMN: SMKUCCHS TPH BHCOKOH Tewmepatype
(TepMO3MEKTPOHHAA 3MHCCHA), IMHUCCHA, BBISHBAECMAN IICKTPOMArHATHHIM
usaydeHueM (QOTODICKTPOHHAT IMUCCHE UM BHEWIHuH  (oTozhdexT),
BTOPHUHA® SJEKTPOHHAA SMHCCHA, BO3HAKZWOINAA npu OomMbapAKpOBKE
NOTOKOM  MEPBUYHRX  3JCKTPOHOB, M, HAKOHEU, aBTOSJACKTPOHHAS,
CHMAH  3JICKTPOCTATHYECKAA, 3MHCCHA  3JAEKTPOHOB, [DUMMHOR KOTOpPO#
ABAAETCS BO3AEHCTBHE CHJABHOTO 3SACKTpPHYECKOre noad. Bee sta pas-
AEAN 9ACKTDOHHKH 4acTo OOBEIMHAT MOA4 Ha3BaHUeM  KatodHOH
SACKTPOHHKH,

Hayuenne BTOPHUHON SaexTPOHHOM sMICCun, BO3HUKawoUeH 0pu GoM-
6apAUPDBKE TREPAOrO TeAa THMKEABIMH vYacTHHAaMH (aTOMaMu, HOHaMH),
OTHECEHO B CIESAYIOLLYIO riasy ¥),

B HacTosfmiee BpeMf B TEXHHKE HCIOJB3VIOTCA MeTALTHUECKAe H TO-
AYNPOBOIHRKOBHIE IMHTTEPH 3AeKTPOHOB. [lo3TOMY rnasy, MOCBALIEHHYIO

*) KpoMme 0TMEueHHBIX BulI€ BHIOB 3MCKTPOHHOH 3MHCCHH, CYWICCTBYRT eme
TAaK Ha3WBAEMAA 3K303NEKTPORHAN 3MHCCHA, OOHapyXendada B 1949 r. Kpauvepom.
Ecaw B nponecce o6paGoTK¥ MeTarna OH NoJayyaeT HM3BHE 3HCPrHO, K3K 370
GPOUCIOIHT, HAnpUMeD, UpH HlauboBke, TPABIECHHAW H ZaXe 1IPU NAaCTUUECKOR
nehopmaunn, T0 B pRAC CIYWaCB BO3HHMKAET C.J1a0aa 3ICKTPOHHAA IMHCCHS, HOTO-
PYX MOWHO OOHAPYXHIb € [OMOUILI0 CUETHHKE YacTul (OMUCAHHE CUCTUHUKOB
cm, u, Il ra. 7). OMACcHA YMEHBINAETCH ¢ BPSMEHEM, HO HaCTO 3dMETHA B TeYeHHe
KeCKOJIBKHX JeCATKOB uacoB nocae o6paboTKM, JTOT BHI SMHUCCHH MOIVUHI Ha-
3aaHME IWIOIMEKTPOHHOA IMHCCHH. IJKIOIJCKTPOHHAL IMHCCHMA Onaa Haljiena M
1149 HeMeTalloB. Ee npupoja moka HeZOCTATOUHO BHIACHEH2, HO, NO-BRIUMOMY,
ABAACTCH HOBOJABLHO CNOXKHOM.

JK3037EKTPOHHAA SMHCCHA OUEHbL UYRCTBHTEABHZ K COCTOAHUID TOBEPXHOCTH,
B HO3TOMY BO3MOWHO, YTO €€ WU3YYECHHE OKaXeTCa MNOJE3HNM B GQU3HKO-XHMK-
UCCKEX HCCReZOBAHMAX TBepaumX Ted, Ho B KaToa2X 3JCKTPOBAKVYMHHIX NPH-
60poB ORa HE HCNOAB3YETCA H3-32 O4YE€Hb MAAOH HHTCHCHBHOCTH H HEYCTOH-
YHBOCTH, penxo ceGd UPOABIACT B HE MOKET CePLe3HO HapyLIUTE pabory
upatopos,

[To-BnanmoMy, NOCTENEHHOE YMeHbIIeHNe hOHA CAMONDPOU3BOIbHEX PpaspsaloB,
KOTOpoe Ha0JII0[ueTCAn ¥ TOJBKO YTO W3rOTOBACHHBIX CHETYHKOB “acTHd, ofbac-
HACTCA OCTabreHHEM 3IK3OIMCKTDOHHON SMHCCHH CTEHOK CYETUMKA € TeueHHeM
BpeMEHH,
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KaToAHOH SNEKTPOHHKE, CIEAYET HAYaTh C HINOKEHHA fIPEACTAaBACHHHA
O COCTOSHHH SAEKTPOHOB BHYTDH METa/UIHYCCKHX H HEMETANIHYECKNX
KPUCT2//108, CAOKHBILMXCA B (PHIMKE TBEPAOrO TeJa.

§ 12. DaekTpoRH B MeTaAnaX M NOAYHPOBOAHAKAX

1. Hpupona xumuuecKol CBF3H B MoJeKyJAax W xpuctannax. [Ipu
OGbEIIMHEHUH aTOMOB B MOJEKYJ/H M KPHCTAJAN MEXIY HAMU YCTaHaB-
TUBAETCS B3aUMOJEHCTBWE, HA3BIBACMOE XHMHYECKOH CBH3blO. PaCcMOTpHM
XapaKTIep CBasei Ha Hauboaee npoCTOM NPHMEPE ABYXATOMHBIX MOJEKY/I.

XOpomo HW3BECTHO, YTO LIEAOUHBIE METAMAJB JErko 00pasyiT TOJAbKO
OAHO3APAMAHHE [OAOKUTENbHHE MOHH, 3 WER0YHO3EMEeNbHBE MeTaAlk
TAKKE W JABYX32PAJHHE HOHK., 3TH O0COGSBHHOCTH CBS3dHHI C TEM, 4TO
DIEJOYHHE METAAAHN KMET OAUH CNAal0 CBA3SAHHBIA C aTOMOM BaN¢HTHLIH
IACKTPOH, 3 IETOYHO3EMEAbHBIE METa//ik — AB4 CAa00 CBA3AHHHIX 3NEK-
Tpona (Cm. Tabanmy WOHW3anMoHHRX noreHupanos B § VI). Harowen,
Takue MeTaanw, Kak Sn, Sb, Pb, otrHochTesrHo aerko o0pasyioT W MHO-
TO3apAIHbLIE HOHBL

C aApyro#i CTOPOHH, aTOMB METANROUAOB NECKO NPUCOEAWHAT JMAHII-
HYE S3AEKTPOHH BIJOTH JO 33NOJHEHHS SJAEKTPOHHOH 060a04Kku.” CKIOH-
HOCTb K 00pPas30BaHHI0O OTPHIATEABHOTO HOHA XAPAKTEPH3YETCR JAEeKTPOH-
HBIM CpOACTBOM — TOH 3Hepruel, kotopas ocBo00KIAETCS TIPH NPHCOEH-
HEHWH 9/MEKTPOHA X aTOMYy: uYeM OOoJbIIE 3Ta 3HEPruad, TEM Jerue
NPOMCXOANT o06Gpa3oBaHue OTPHLIATEABHOrO woua. Hanpumep, ana raaou-
gos Cl, Br, | snexTponroe cpoacTBO N0 ONHTHHM J3AHHHEM PABHH COOT-
BercTBeHno 3,8; 3,5; 3,14 a3s, a masm eomopona 0,72 s [/l A. 24,
cTp. 243]. (B AnTepatype MOAHO BCTPETUTE 3HAUEHHS 3JISKTDOHHOIO
CPOACTBR, HECKOJNBKO OTJANHAKUIHECH OT 3/18Ch YKa3aHHLIX.} DAeKTPOHHOE
CPOACTBO METANJIOB OUCHb Majo0, OJHAK0 OAKE [EN0YHHIE METaaaknl
MOryT 00pa3oBarTh OTPHUATENABHBIE HOHW M, [10-BHIHMOMY, TOABKO WHEPT-
HBE rasbl JWMEHB 3TOH CNOCOOHOCTH.

T CcooficTBA ATOMOB METAMAOB K METAJJIOHAOB TNPOABJAKTCH NpH
obpazosanun Monexya. BospMeM, Hanpumep, MOJCKyay, COCTOfHIYIO U3
ATOMOB THMYYHOIO METAJJIAa WM THIYYHOrO METAAROHAA, HANDHMED MOJE-
kyay NaCl (¢ monexkyaama NaCl npuxoanrcs BCTpPEuaThCa B mapax 3TOro
pewecTBa). B HapyxHOM 3aekTpoHHoM caoe (1 He XBataer OAHOTO
9AEKTPOHA H COOTBETCTBEHHO 3aeKTpoRrHoe cpoacTao (I BEJHKO, B TO
BpeMs Kak B artoMe Na eCTh 0IuH cnaGo cBazaHHHEMA sxaexkTpoH., Ecre-
CTBEHHO OXWAaTh, 4TO BadeHTHHH 3nexTpoH Na nepeitner B 31€KTpPOH-
"y o6ozaouky Cl #, Takum 06pazoM, NOJYYHTCA OB MOHZ € JOCTATOYHO
pesko 06Goc0oG/IeHHHMH  9MeKTPOHHEIMHA o6oaoukamMs. Honw OynyTt B par-
HOBECHH Ma TakoOM pacCTOfSIHMM IpYr OT APYyra, NPH KOTOpPOM Cuaa
NPHTAKEHUS MEXKAY CYMMapDHWMH 3apaJaMH HOHOB YDABHOBECHTCH CHAOH
OTTANKHBAHUS MEXKIY KX INEKTPOHHbIMH ofosouKkaMu. XHMHUECKAs CBA3b
37€Ch CHQPAWTCH, BO BCAKOM C/AY4a€ B OCHOBHOM, K 3JEKTPOCTATHUECKHM
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chanaM. Takue MONEKYAB HOCAT HA3BAHHSA MOAEKYJ ¢ HOHHOH WJAH rere-
pOMONSIPHOR CBA3LIO.

HMuok XapakTep HOCHT CEA3b B MOJEKYAaX, COCTORIMBX W3 OAHHA-
KOBBIX HJAM OJU3KUX NO XHMHYECKHM CBOMCTBaM aromon. PaccmoTpum
MOaeryay Boaopona H,. byaed ¢nauana nonp3oBaThCs KOPMYCKYAsipHBIMH
npeACTaBAeHuANN 00 21EKTpOHAX, T. €. OYyIZEM CYdTath, YTO MOKHO
roBopuTh OO ONPEACNCHHON TPICKTOPHH 3JEKTPOHOB BHYTPH MOJEKYJEL
INpeactasum cebe, uro 00a 3/MEKTPOHa OBUTEIOTCA N0 OpOKHTE, MIOCKOCThH
KOTOPOH NEePneHAUKYARPHA K JWHWH, CoeaMHdoulel nporonn (puc. 83, a).
HeTpyaHo BuAeTh, YT MPUTAXKEHHE K DSIEKTPOHAM B CpeIHEM HaeT

?

6)

Puc. 83. @ — KOPRYCKYJIAPHAA MOAERL MOJEKYIW BOJOpoAa; & -—- pacnpeacaelne
MAOTHOCTH 3apAfa B SACKTPOHHOM O0JaKe MOJIEKYMH BOIOPONA.

Ludpane 7. .., § o6oandauedsl JMEWH OZHHAKQBOW OTHOCHTEALROBE MAoTROCTH 3apsaia, 0O01aK0 HMeeT
dopmry Tela BpALLeHHE ¢ OCBI, TPoXoasniell uepes ofa OpoToHA. .

CHAY, YPABHOBCLIKBIIOILYIC [PH ONPEaSACHEWX pPasMEPax MOOEIH 373eK-
TPOCTATHYECKOE OFTaAKHBanHe npotouos. Ha 3TolM moaean tpaekropuu
0060NX 91EKTPOHOB CHMMETPRYHH MO OTHOWEHHI0 K MPOTOHAM H, CJAed0-
BaTENLHO, YK€ HEeMbL3d TOBOPHTh, UTO OIHH 3JEKTPOH NPHHALICKHT
NepBOMy NOPOTOHY, a  Apyrol — BTOpPOMY; NPOM30ILAO, TaK CKa3aTh,
«0600UICCTRACHUE> BACKIPOHOB, '

B Rpe#icTBUTENbHOCTH HENL3A UPEACTABAATE Ce0e SNEKTPOH NBHKY-
IAMCs NO  onpeaeseHHeft oplute B aToMe HAH MoJekyne. Buuucienune
BoMHOBOH yrkumr W naer BO3MOKHOCTL HaHTH pacnpepeseHue BEpo-
4THOCTH NpPEOHBAHHS 2AEKTPOHA B OPOCTPaHCTBE BOAW3M sacp. Jlasd aToma
Bosiopona [JI A. 2, 1. 3, ra. 3] B HOPDMaALHOM COCTOAHHH MOAYYaETCH
CpepHYECKH CHMMETDHYHOE DaCNpEAeJCHUe BEDOATHOCTH C MAKCHMYMOM
Hd pacCTONBHMM OT LEHTPa aroMa, PaBHOM pazuycy opOuThl HeBo3Oyx-
aeddoro aroMa B Teopun bBopa. Tak Kak B CTaNHOHAPHOM COCTORHHY
MOBCIOAY CPElHss [C BPEMEHH NAOTHOCTH 3apPAla NPCNOPUHOHANBHE
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BEPOATHOCTH, TO MOXHO CKa3aTh, YTO B CPEIHEM IAEKTPOH BOAOPOAHOrO
aTOMa 3anoJHAeT HeKOTOPHH 001LeM BROKPYT NpoToHa, 06pa3dysa BOKDYT
HEro «3MeKTPOHHOE 00/MaKko», DJIOTHOCTh 3apAda B KOTOPOM pacmpene-
A9€TCH  NPONOPDHOHOHAJMBHO BEPOATHOCTA. KoOHeYHO, He HYKHO AYMAaTh,
4TO 33apal 3NEKTPOHA HA CAMOM jfe]e «Pa3MashBaeTCs» o BCeMy o0bemy
ofnaka. IneKTpoHHOE OOANAKO, TMJAOTHOCTh 3apsaa KOTOPOTO MOBCHOAY
MPONOPIUHOHaABHA BEPOATHOCTH HAXOKIEHWH 3JEKTPOHA, CAYXKHT TOABKO
AN HACNSIHOTO OMNUCAHHS NEKTPOHHHX OOONOUYEK ATOMOB.

Mo%HB0, NOAL3YACh KBAHTOBOK MEXaHWKOH, HalTu BUA anempouﬁoro
o6naka moaexyas Hy O6a nporona oOKasuiBawTCA B YCTOHYMBOM paBHO-
secur Ha paccrosuun 0,74 A. Bwmecto nmsyx chepuueckux o6a3KoB,
KOTOPHIE MMEIT K3ONHDOBAHHHE ATOMM BOIOPOLE, NOJAYYAETCHE OAHO
06a2K0, umewomee ¢$opMy NOBEPXHOCTH BPALIEHHR, O pacnpeaereHuu
INOTHOCTA 3apdga B KOTOPOM Raetr npeacrasiedde puc, 83, 6. Makcu-
MyM [AOTHOCTH 3ACKTPOHHOMO 00/1aka TIPUXOINATCH OKOAO KAMIOrO U3
NPOTOHOB, OAHAKO OTCI0JA2 BOBCE HE CASAYET AeMaTh BLIBOA O COXpaHe-
HHH KaXABM MpPOTOHOM <«CBOEro COGCTBEHHOTO» 3/eKTIpoHA. Kamami
U3 3JIEKTPOHOB CBA3aH CO BCEM IJIEKTPOHHHM OO0JaKOM B LEJI0M, TaK
YTQ 31€Ch, Ka8K W 0 KOPHYCKYJASPHOH MOzean, [IPOUCXOAAT MOMHOE
0606I1EeCTBACHYE INEKTPOHOB ¥ HA IACKTPOHHYIC 000I0UKY MOJaekyan H,,
Kak H BCAXKOHW Apyrod MoOAeKyAbl, CACAYET C(MOTPETL KdK Ha €JUHYIO
JIEKTPOHHY IO CUCTEMY,

KBauToBads MexXaHHKAa A3eT BO3MOWKHOCTb BHUYHCAUTb CHJAY TIPATIKE-
HHA, YPABHOBELIHBAIOMLYIO CHAY IJIEKTPOCTATHYECKOrQ OTTAIKHBAHUA MEKAY
NPOTOHaMH. JTH CHAH, HE uMewilre cefe aHakora B KAICCHUECKOH Me-
XaHUKE, TNOAYYA/AH HA3BaHHE CHA OOMEHHOrC B3ARMOAEHCTBHUS TNOTQMY,
YTO HX MONKHO HArASAHO TIPEIZCTaRAATh cefe Kax CHUAH, BO3HHKAIOIIUE
MPA HENPEPHIBHOM NEPEXOoae SNEKTPOHOB OT OLHOrO NMPOTOHZ K APYroMy
¢ onpeaeaennolt yactorofi. Cessb, ocyulecTraseMas uepez ofo0mecrane-
HHE BHELIHHMX 3JEKTPOHOB, HA3LIBAETCH KOBAAEHTHOH MU TOMEOHOIAPHOM
CBA3BIO,

Mu paccMoTpenn aBa KpaHHUX CaAyYas: MOHHYI0O MOJEKYAY € reTepo-
nOaApHOH CBA3BIO B MOACKYY H3 OJWHAKOBBIX ATOMOB { TOMCONOMADHOH
¢eu3pio, OOGbIYHO  1eN0 OGCTOMT CAOKHEE W CBA3L HOCHT CMELIaHHBIA
xapaxtep [JI. 2.34].

M3 pasavyHeX TUNOB KPHCTANROBR OAA SJCKTPOHUKH INPEACTaB/ISIOT
HHTEPEC HOHHLIE KDUCTaMIN, COCTOSLIME 43 aTOMOB METAJIA0B H aTOMORB
METaJANOHAOB, KPHCTAIWYECKHE PEICTKH METAANOB M, HAKOHEN, BAACHT-
HHE KpPHACTaAdu, o0pasyeMbie 2/1€MEHTaMd JYeTBepPTOR rpynnol MeHaeneen-
ckoft Tabauuw, TAaKHMH, Kak xpemdHda#t u repmanud. Ilpupoma mexayaroMm-
HOK CBA3K B 2THX KPUCTAa/AXaX WMEeT MHOro ofwere ¢ HAPUpPOIoH
PAaCCMOTPEHHON BHILE CBA3H B MOJEKYAAX.

Hlienouno-ranouannie coeaunenna Na(Cl, KCl n 1. n. u npuMensieMpne
H TEPMO3JCKTPOHHLIX KAaTOZAX OKCHAW 11EKOYHOREMENBHRIX METannaoB
BaO u SrQ ofpasyor THNMYHBIE HOHHHE KPHCTaAAb. B 3THX Kpucrainax
BAACHTHLIC ACKTPOHW METaAAa MEPEXOAAT B HE3ANONHEHHBIE MOALPYHNH
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§ 12]
metannounos. B wkpuctanne NaCl, Hanpumep, BaneHTHni 3aexTpoH Na
¥3 NOArpYNNH 3§ WepexoAuT B noarpynay 3p xaopa; B kpucranie BaO
B NOAFPYINY 2p KUCAOpPOAZ NMEpexodsT 06a aNeKTpoHa u3 noarpynne 6s
Gapua. Ilpr 3atom B wonax Na*, C17, Ba**, O™~ BHemnue s7eKTpOHHEIE
000/104KHE OKA3RBAWTCH COBEPUIEHHO 3anoanennmmu. [IpaBga, B xpucran-
JaX HOHBl PACNOJOKEHH HACTOALKO OAM3KO, UTO WX 3JeKTPOHHHE 000-
JDYKH OTHACTH MEPEKPLIBAIOT-
c, HOBCE Ke OHU O0CTaloTCH
JOCTATOUHO OO0COGACHHBIMHU
U MOMKHO CUHTATH, YTO KaK-
OHl HOI HMeeT ¢BOH OTiae)hb-
HbIH KOMILICKT 3J1€KTPOHOB H
CBA3b ME€XKIY WOHAMH B OCHOB-
HOM ABJIACTCAFETCPONOAADHON.

K uyucay BaleHTHHIX KpH-
CT3aJJIOB OTHOCHATCH pELHEeTKH
yraepoaa (aiamasa), KpeMaus
n repManun. Bee 3»ta  3e-
MEHTH HMMEIT N0  YeThpe
BaJEHTHHX 31eKTpoHa. B kpn-
CTAaJAIMYECKOH pelleTke Kax-
OB W3 aTOMOB HMEET 9YETH-
‘pex Oauwalwux cocegelt, ¢
KOTOPHMH OH BCTY11aeT B KO-
BAAEHTHYID M/IH FOMEQNOJAP-
nywo cBass (puc. 84). Pacno-
NOAEHUE ATOMOB ANl KPUC-
TAAN0B a1Masa TNOKJI3aAHO Ha
puc. 84, @; BUIHO, KaK pac-
[OJOKEHR B TIPOCTPAHCTBE

Puc.

834, a— moneans KPHUCTZIIHYECKOH pe-

9TM uersipe cocedga, Ceazu
ONpeaeaAeHHHM 00pasoM J0o-
Kaan3oBaHst BOJHIU  JIAHUY,
coepunsiiomedl  apa  aToma,
npuyeM €O CTOPOHH KAKIOTO
atoMa 8 3Tofl AByCTOpORHEH

IWEeTKY a7Ma3a: 3JACKTPOHHME KOBAXCHTHLIE

CBA3M HA MOIeIH H3OOPAKANTCH CTEPXHHAMH,

COCLIHHANUWMMY aTOMW; § — pacipeieleHue

DJIOTROCTH  3IeKTPoHOB B MIockocth (100)

KpUCTA1aa aiMala: HAOTHOCTE  NPOlopuHo-
HaAbHA TYCTOTE TYLIEBKH.

CHA3M YYAaCTBYIOT IO OAHOMY BafCHTHOMY 3JCKTPOHY U EBHYTPH KpH-

CTanna, CAemOBATEAbHO, HET HE BCTYNHMBIUHX B CBA3HW BANEHTHBIX 3JEKT-
POHOB,

Pertretorpaduteckue METOAbl, ONHCHBAGMHE B KYPCaX pPEHITEHO-
CTPYKTYPHOro adHanusa, TNO3BOARIOT HAHTH PacnpeleneHHE IJIOTHOCTH

JIEKTPOHHOTO o6naka BHyTpu Kpaucrtamaa. Ha pnc. 84, 6 noxasano 31o
pacnpesencHye Ang OAHOR U3 TAOCKOCTEH, B KOTODOH nexar Tpu CO-
CeIHMX aTOMa, NPHYEM TIYyLTOTA TYWEBKA NPONOPHHOHANLHA MAOTHOCTH,
Kak sugro, Me¥Ny COCeIHHMH ATOMAMH JIEXHUT «3JEKTPOHHBIH MO-
CTUK» ~— O01aCTh BHCOKON NMAOTHOCTH 3JAEKTPOHHOro 00/1aKa, B TO BpeMA
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KaK BEpPOATHOCTE NPEGHBAHHA  3AEKTPOHAa BHE <MOCTHKOB» OQUEHb
Mazna, _

Kamiab# BaJEHTHMH SAEKTPOH cBf3aH C ABYMA ORPEASAEHHHMH &TO-
MaMH, H BEDOSTHOCTh NEPEXOoNa €ro K ApyruM atoMaMm Maaa. Kosaaeur-
Hbl€ CBR3W [OBQALHO TOYMHO JOKa/AM30BaHK B MEXKIAYAaTOMHOM NDOCTPaH-
cTBe, B OOCOOIICCTBICHHNE 3ASKTPOHH, TPHHAZACKAILKE ABYM COCEAHHAM
aToMaM, He uMelT CBoOOIM nepemMeweHus No Bcemy Kpucraaay. Cxof-
HOe CTPOEHHE H TaKoK ke xapakrtep cuazel uwmewr Ge u Si.

B aaabHefmeMm waM OyaeT MHTIEPECHO HE CTONBKO NPOCTPAHCTBEHHOE
PaCnONOKEHKE AaTOMOB KPUCTAia, CKOABKO XApaxKTep CBaA3ed M uepeno-

BaHME ATOMOB METAANOB U METal-

CoQOoQOop 0 NOMLOB B Y34aX PpeIeTKH. ITn
aNoR"ReN=ReRs O-ti CBOHCTBA MOXHO yaA00HO H300pa-
-Na KaTb Ha YCOIOBHOH  OBYXMEpHOH

9 OD0ODODC O-CU  mogeau prncranna. Ha ypﬂc.p 85
DOoO0o0Oo KAHBL  YEPTEKH JABYXMEpHOH MO-
Qo CoODO HEAH KPUCTania ueTBepTOll rpynnbl
(MapHO3IEKTPOHHEIE  KOBAAEHTHRIE
C8A3W  M300pameHn  Naparieib-
HHMHK JUHHAMU) H reTeponoaspHo#
pewerku NaCl (uonn Na* usobpa-
KEHH Kpykkamu, a. uwonm Cl™—
KBaZPATaMH),

B mertannax Ban€HTHHE 3/€KI-
pounl ofaanaior ceoboaoll nepeme-
WEHUs N0 BCeMy O00LeMy KpHc-
TanAa — 9Ta NPEeaNoCHIKE  JCKHT

Amom S uny Ge

T ¢ sopedom +de B OCHOBE TCOpHH MeTasios. B
Puc. 85. Crocobu u3oGpawenus kpuc-  WOOHOM COTJIaCHu € STHM  NdHHbIE
TadAOB Ra ABYMEDHOR MOIEMN. peHTreHorpaHIecKoro aHaausa Imo-

a — xpucraan NaCl; 6 — kpuerana Siwam Ge, Ka3plBAKOT, 4YTO B ¥3M4X PCIICTKH

METAJNId  HAXONATCHE  [ONOXKHTENb-
HHE HWOHK — OJHO33APANHLIE M [EAOUHWX METaNl0B W ZBYX3apal-
HHEe 2J METallOB  BTODPOH Ipynmsl. DAeKTpoHHoe 00J43aKO  BHENI-
HUX BACHTHHX 2JICKTPOHOB PacnpenencHd NOUTH OXZHOPOAHO N0 MEXKAY-
aTOMHOMY MPOCTpPaHCTRY. Banentusie saekTpoHH MerTadsna, Takuu o6pa3oH,
MOAHOCTHIO OGODBLIECTBIEHH W NPUHATAEKAT BCEMY KPHCTAANY B (E7OM,
B o5ToM COCTOMT OCOOGHHOCTb MEAAYATOMHNX CBi3el B  pelleTke
Mmerannaa.

2. NorATHE O 30HAOA TEOPHM TBEPAHRIX TeA. SAeKTpuueckue cBOH-
CTB2 KPHCTAMIHUUECCKUX TE1 OUYeHb PASJAHUHEL JOCTATOYHO CKa3aTh, 4TO
3/€KTPONPOBOIHOCTE KpHUcTaaaos KoaeGrerca ot 10° y wmeraanos 5o
107" om™ . cx™ y Xopomux W3OAATOPOB. ITH DasiMuMs CBAIAKH
HEOAUHAKOBBM COCTOSHAEM RAJEHTHHIX 3AEKTPOHOB BHYTPH KDPHCTa M-
ueCko#t pemerkn. K TEODHM ABHAEHUS 3JEKTPOHOB £ KPUCTALIE MOKHO
NOAGHTH C JBYX CTOPOH.
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Kpuncrananyeckas pewerka — 3TO  Cpeaa, B KOTOPOHR  CYMECTBYET
NPOCTPAHCTEEHRO-IIEPHOAMYECKOE 3AEKTpUYecKoe noje, MOKHO HIYyuHuThb
XapaKTep 3TOro NOJIS M MONBTATbCA HaHTH ABWKEHHE IJEKTPOHOB B HEM,
npedebperas R NepBOM NPHOIMAKCHMU B3aWMOAeHCTBUEM 3MeKTpoHOB. Ho
MOKHO [OCTYNUTb H HHAYE: UCXOAS M3 COCTOAHHA IJEKTPOHOB B M30au-®
DOBAMHNX A4TOMAX, PpAaccMOTPETb, ONUMpasce Ha obuue coobpawenus
KBAHTOBOHM TEODHE, T€ HU3MEHEHHWs, KOTODHE BO3HHKHYT NpH CONHKEHHH
atoMoB. Huwxe wucnoassoean B OCHOBHOM 3TOT BTOopol Meroa. Kak #
B CAVYA€ M30JRPOBaHHHIX aTOMOB, 01 TCOPHH TBEPAOTO TEJIA BAWHO 3HATD
PACTIGIOKEHHE IHEPrETHUECKHX YDpOBHefL.

B keaHTOBO# MEXAHMKE /AOKA3HBAETCH, YTO fPH COMMIKCHHH OfUWHA-
KOBRIX <[OTEHUHANBHBIX AWHKOB» PaspelICHHHE IHEPreTHYECKHUe YDORHU
JJ8 3CKTPOHOR BHYTPH €LIUKOB OKA3bIBAIOTCA pacmenaenuwMs (cv. § I,
rie paccMOTPEHG paculeliieHHe YDOBHeR 48 ABYX SIIMKOB NPAMOYTOJb-
Hott POpPMH).

Ilpy cOanKeHHWH aTOMOB, HECMOTPR Ha TO, YTO HX NOTEHUMAAbHHE
AMLUKKA  MMEIT BHYI0 GOpMY, XapakTep paclienyedus YpopHell xasecr-
BeHHO Oyier takuM we. B asyxaroMHol MOJgeKyse, coCTosiwiel U3 ABYX
O/IMHAKOBHX aTOMOB, NPOM3IOHIST pacUICNNCHHE KAKAOr0 YPOBHE Ha ABa
M, CAECLOBATEALHO, B MOJEKY/Ne He OYAET SJIEKTPOHOB, HAXOAAUIMXCH
B OIMHAKOBLIX KBAHTOBHX COCTOSHHAX, HHLIME CHA0BavM, TpeboBaHud
NPHALUNA 3a0PETd OKasHWBAKOTCA BLIMOJIHEHHBIMU H B MOJEKYJe B UEJIOM.

Jns CHCTEMHE SAEKTPOHOB KPHCT2AAAd AO0AKEH ONIATh-TAKH BHINO/HATHCH
NPUHIKN  3anpera, KOTOpufl Tenepes Hago chopMyARpOBATH Kak 3amnpe-
MEHUE TNpeOLIBAHMA HA OJHOM 3HEPreTHYECKoM ypoeae 0ojee 4YeM ABYM
3JEKTPOHAM C TPOTYBOMOIGKHO HANPABAEHHHMU crnuHaMmu. Takum obpa-
30M, ApH 0OPa30oBaHNH KPUCTAJJAa PACLICNNCHUE YDOBHEH KOCHeTCA BLEX
SAEMEHTOB KDHCTaMN2 W KaxAkH# YDOBCHL PAaCNameres [0 YUCAY aTOMOS
KpuacTaana Ha N ypoBHEH, 33HHMaOWMX NEAYI0 IHEPTETHUECKYIO TIONOCY
uam 30Hy. Tak Kak N OueHb BeAHKO, TO BRYTPH MOMOCH Da3pelleHHble
yposad OyIyT pacOOAOWeHH odeHr Oau3ko ApPYr o1 apyra (T. e pas-
HOCTH SHEPruft MEXIY COCENIHMMA YpOBHsMH GYAET OuCHb Maia).

B w3aoauposannoM atome uMel0TCH S-YPOBHH, Ha KOTOPHX MOTYT
pasMelaTscs N0 ABa 9JCKTPOH3, p-YPOBHH C MECTaMH ANt UIECTH 3JEK-
TPOHOB HA KaxioM, €-ypoBeW H T. 4. KaxAsnli M2 HUX DACIIENIRETCA
B KpHcTanae Ha N yposHeH, 1 Mu Oynem uMeTs S$-30H6 € MECTaMH
Aas 2N 37eKTpOHOB B KawiOH, p-30HH € MecTami Ais 6N 31eKTpoHOB
H T. . (COBOKYNHOCTb 30H, HX PACUOJOKEHHE HA WIKaAE 3HEPruu Co-
CTaBAfCT BHEPreTHYeCKHH CmEeKTp KpHucrania.

Kpome uucaa yposHell, 30Ha XapakTepuayercs CBGEH sHepreTHyecKoh
IHPHHOH, T. € DEZHOCTHLIO 3HEpPrHid MexAy CAMBHIM HHU3MMM K CAMBIM
BHICOKHM YDPOBHAMH, JIerKO BHAEThH, YTO 30HH BAJACHTHHX AEKTPOHOB
BCENNA IIHMpe 30H BHYTPEHHHX JEKTPOHOB. B camom nene, pacmennenee
ypopHell TeM O0oablle, YeM HWXKE NOTEHLUHANbHHH Oaprep Meway HUMHA,
YpPOBHH BANEHTHWX SJAEKTPOHOB B COCETHUX aTOM3xX pazlesieHbl Topasno
Oonee Hu3kuM OBapbepoM, YeM YDPOBHH SJCKTPOHOE BHYTPEHHHX CJO€8,
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CyuecTBeHHo, 4TO IHHPUHA 30HH HE 3aBHCHT OT Pa3MEPOB KPULTAlnd, & AB-
AACTCA BCAHUMHONW, XApaKTEPHOH oA KPpUCTaANMUYeCKOH PpEHIeTKH, 3710
BUAHO M3 TOTrO, YTO OAHOBPEMEHHO € YBEJHUEHHEM 9HCAa YpoBHeH B
30HE, PABHOTO YHUCAY A4TOMOB M [POHOPUMOHAJNBHOrO, 3HA4YAT, O6BEMY
#xpucrasaa V, B TO#t e Mepe YMEHBIHAETCH PACCTOSIHHE MEKAY YPOB-
HAMH, OnpenensieMoe o0beMoyM suelKd (asoBOro MPOCTPAHCTBA CKOPO-
creit h/mV. Duepretnuecknil cmekTp, TaKAM oOpasoM, ABANETCS Xapak-
TEPACTHKON KPACTA/IMHYECKON PEIHETKH, 3IEKTPHISCKHEE CBORCTBA KOTODOH
TECHO CBSI3aHK C BHAOM CMNEKTPa.

Pacemorpum  sueprernyecku# cunexktp Kpucrtanama Na. Ha puc. 86
NOKA33aHO. KK MeHJeTcs WIMPHHA 30H npud  cOmxenuw aromoB Na;
] re=4%3 A coorsercteyer
PACCTORHHIO MEXKAY aTOMAaMH
B peanbHOM KpHCTanne Hat-
pad.  YpOBHH 33aBOJHEHHBIX
noarpynn 1s, 2s, 2p 1ipu
r=ry TNpPaKTHYCCKH HE pac-
IIETIIEHH, H 3aMETHOE B Mac-
nitabe uveprexa pacilenaeHne
ypoeHeh 2p  HaymHaercs
25 TOJABKO NpK r==r1y/2, 3ato
YPOBHE 92CTHYHO 3ANOAHEHHOM

- 'S pomrpyrnu 3§ M nycToR moa-
1 iz
e Zr, rpynfie 3P HAacTGALKO pac-
Puc. 86. Pacuiennesne yposueir kpucTaaza Na  [ICIVICHN, 970 HX 30HH IE-
npH COANKEHHR ero ATOMOB. pexpmiBaloTcs  #  ofpasywr

Fo —pPaccTOSHHe MeXLY aToMaMH B peansuom kpuctamre, OAHY HEMPDCPHBHY0 30HY (3s,
‘ 3p). B sto#t (3s, 3p)-30He

umetotTes MecTa JaA 2N+ 6N =8N 51eKTpoHOB, HO 3AEKTPOHOB B 3TOM
soHe Beero N, TaknuM 06pasom, 31€KTPOHH, B HOPMAJIBHOM COCTOSHWY 3aHU-
MAOIINe HW31HE YPOBRY, 3aMYT TOABKO HUKHIOIO YAaCTh 30HH, @ BHIlE OyaeT
NpOCTHPATLCA  LIMPOKAad MNOA0Ca CBODOZHHIX paspelleHHHX YpPOBHel,
[Tonoxeune saekTpoHoB B {38, 3p)-30He HATPUA OYEHb NOXOAMT HA
MOACKEHHE 3BNCKTPOHOB, 3AMEPTHRX B MNOTEHNHAALHOM SUMKE C BHCOKHM
SHEPreTUUeCKnM 6apbepoM Ha IPIHULE, U €CThb OCHOBAHUS NOAArarh, 4TO
B (3s, 3p)-3one wMbl Haltpem pacnpejeneHue 3HEPrufl 3IEKTPOHOB, OYEHb
Gnuskoe K pacnpenenenvro Pepumu. ¥ gedcTBuTeabHO, DPAMOH  ORHIT,
0 KOTOPOM OYAeT CK233aHO HEMHOTO HHKE, 3TO BIOJMHE TNOATBEPMHRAET.
Ha prc. 86 mnoaoca paspeisenHnx. ypoeHeH 35 oTAen€Ha 0T y3KO#l
NONOCH YPOBEER 2p 30HOR SanpemiCHHNX SHEPreTHUECKHUX YpOBHEH,
D10 — obtlee = CBOKCTBO CNEKTPOB KPHUCTAAA0B. 30HB  padpeuieHHMX
YPOHREH pazIensiorcs 30HaMH 3AMPENICHHHX YDPOBHEH, W TOABKO BepxHue
paspeieHHbe 30HH MOrYT Pa3MbiBaThCA HACTOJbLKO, 4TO HACTYTIdeT uX
nepekpMrTie. He ocTanaBauBagces Ha BHYHUCAEHHW WHPHHBL NOJAOCH 3a-
NpeleyHEX YpoBHEH W  pacnpeaeneHus 3JeKTPOHOB 1O  SHepPrusM B
3aAMOMHEBHKX 30HAX, NPUBEAEM TOAbKO HEKOTODBHIE pPe3y/oTdTH TCOPHH,
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[MocTpouM 3aBHCHMOCTL 3IHEpruA CsobGogHoro 3nekrpoHa W ot 1A,
rie A-—AAdMHa €ro BOAHB. TaK Kaxk

azg";, (12.1)
w="2 (12.9)
1 VQ:W, (12.3)

TO WCKOMAs 33aBHCHMOCTH — napabona, u3lobpakenHas B upaBoh uyacTa
puc. 87. HenpepuBHOCTh AWHBH 03HAUAET, YTO IIEKTPOH B CBOBOIHOM
IPOCTPAHCTBE MOXKET UMETh M0OYIo DHEPruio — 370 BEPHO, OYEBHIHO,
ans awboro Hanpasienns. Ho B xpucrasne no onpeseaeHHeM Hanpas-
JEHUAM BOJMHB HEKOTOPHX AJIMH HE MOCYT PACTpPOCTPAHRTECA. JTO BOJHM,
JATHHA KOTOPHX B KPUCTanne YAOBJAETBOPAET HM3BECTHOMY CQOTHOUIEHHIO
Byaoa-Bperra [JI. AL 1, 1. 2, e 16, 25; JI. A 2, 1. 3, ra. 28]

27 sin 9 ==m), m=1, 2, 3, ..., (12.4)

roe /— pacCTOsHHE MEXAY ZTOMHEMH NAOCKOCTAME W 6 — yron HakJaona
BEKTOPAa CKOPOCTH AEKTPOHAa K aTOMHOH naockocrd. CooTtnomrenve (12.4)
Guno  BNEPBHE [MONYYEHO [as

i
PEHTreHOBCKHX 1yYel B KavecTBe "efucumpery W(I/R) ¢
YCAOBHS AA MAKCUMyMa UX OT- Gog_clolothozs . s
JICHIAOHD
paxeHus OT KpPUCTanana, U <opa- 7

BEANMBOCTE €r0 A8 3JAEKTPOH-
HBX RGAH Ohina 10Xa3aHa yxe
B 1€PBHX ONBTaX no ARQPAKEHH
saeKTpoHOB, Ecam Brinoanserca
cooTHouieHue (12.4), To 3neKk-
TPOHHEIC BOJHBE, [AJAIIHE H2
KPHCTaAA, HENUKOM OTPaKa0TCH
oT 6/1M3KUX K NMOBEPXHOCTH aTOM- ‘é
HEX TIOCKOCTeRt u BuyTpnm kpu- _2MW)

CTa/1a PacapoCTPAHATLECA HE MO-
it p pocTp CH he Prc. 87, 3asucumocte W or I/A i ¢Bo-
FyT. JLa KPHCTanla ¢ €ro mpo-  Gonypx 54eKTPOHOB H 3ICKTPOHOB B KPH-

NN

#R

o

CTPAaHCTBEHHO-NEP HOJUURCKHUM TTO- craxte,
€M ¢OPM§'33(1 2'3) HEMpAMEHUMA [MyueTHpoM NOKA3ARA FABHCHMOCTH IAN CBOSOARLIX
u 3apucuMocte X ot 1 /L JAOJIKHA 3/MEKTPOHOB.

n306paxaThCa KPUBOH, HMeouLed
PAL PaspeIBOB B MeCTaxX, COOTBETCTBYIIIMX BHIOAHEHHIO ycaosmd (12.4),
Kaxnm#t yuvactok xpusoH (K, 1/X) oTaener o1 npeilieciBylomiero
NONOCO# 3aNpelIeHHNX 3HAYEeHUH JHEPTHUU B COr/acHd ¢ BHBOJOM, CAEAaH-
HBIM BBIWIE B CBA3H € pacwienjeHHeM ypoBHeH w puc. 86.

B newso#t vacty pmc, 87 noxasan BUR KPHUBHIX PaClpeNeaeHdd 3J€K-
TPOHQB MO IHEPr¥aM B 3ANOAHGHHKK 30HaX. OT Oaumwaiuero cpoGoAHOTQ
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P43pemieHHOT0o YPOBHS BEDPXHAS 3aNOIHEHHAA [0J0ca (ECAd ChAeayomas
30Ha MyCTad) OTASIEHA 3anpelleHHOA 30HOH suupsuy Q, (puc, 86).
flosToMy npd YBEAHYEHHH TeMMepaTypsl OYeHh HEMHOrHE 3/EKTPOHEL
3AMOJHEHHHX 30H OYAYT HMETh 3SHEPruw, JOCTATONHYID M/ NEpexoia
B 30HY paspelleHeENX yposHel, Toabko ecan 27 T Qp, TO KOJNHUECTBO TAKHX
3MEKTPOHOB OYOeT BEAMKO K B 33NOJHEHHOH 30HE OKaKeTCd MHOrO
AYCTHX MecT. Ho HHKaKore «pasmuTHd» BepXHeH TpaHuUK 20HH, NO-
AOOGHOr0 pPasMBITAI0 BEPXHUX ypoBHeH pacnpeaenenus depmu, npu yse-
ANUEHUH TeMIeparypw He Oyaer.

PaccMoTpuM, YTO npod3oHgeT NpH NOABJACHHE B METAMJMUECKOM KpH-
cTaane, HanpuMep Kpucrtaane Na, 3JeKTPHYECKOro mnoad, noa RelcTedeM
KOTOPOrO 3JEKTPOHH IOMKHH YCKOPATHLCA. YBEAHZEHHE CKOPOCTH O3Ha-
4aetr mNoCNCIOBATENbHHH mnepexol Ha 6oAece BHICOKWE IHEPTETHYECKHE
YPOBHH, 4TO HEBOIMOWHO AJ8 DNEKTPOHOB B 30HaxX 1s, 25, 2p, TaK KakK
B KEKIOH H3 3THX 30H 3aHATH BCE IHEPreTHUECKHE YPOBHU, a CBOGOA-
HBIE YPOBHH CYUECTRYIOT TONbKO B MepeKpuiBamoumeica sone (3s, 3p),
OTACAEHHOR OT HHKHUX 30H WHpokoH 3anpewenHod sonol. B saekTpu-
yeckoM TOoKe 15, 25 M 2p DaeKTpOHH HATPHA HE MOTYT RNPHHHMaTh
YUaCTHA.

3JeKTPOHH NOATPYAOE 3§ HAaXOAATCA B COBEPILUIEHHO HHOM TOA0XKE-
nud, HMx Bcero N, a B 3one (3s, 3p), wak ywke OHJAO OTMEYEHO, MMEELTCH
8N MeCT, ¥ MOKHO CUHTaTh, YTO [JS 3JNEKTPOHOB MOATPYNNal 35 eCThb
APAaKTHYECKH CKOJABKO YroAHO TNOCAEAOBATEAbHO NOBHILAKILAXCH, BEChMa
GAM3KUX IHEPreTHYECKUX YPOBHEH; 3TH JAEKTPOHH KPHCTANAA HATPHS
MOTY1 YCKODATBCA B DJIEKTPHYECKOM INOJE U NMPHHAMATR TaKuM oOpasom
YydCTHE B D3IJACKTPHUECKOM TOKe. J3ona (3s, 3p) Ha3mBaETCA B CBA3W
C 3TUM 30HOH NPOBOAHMOCTH.

Pacuer noxaswmBaer, YTO W ¥ JAPYFHX META/JI0B 30HK BaJEHTHHX
NEKTPOHOB H JEWalIHEe BHIIEC HX NYCTHE Pa3peCHHLE 30HH [EPEeKpH-
Bajotcs. Ecan O 3toro He OBIAO, TO TaKMe DSAEMEHTH, KaK Mardud
(mopanxkorufi Homep Mg =—12), uvewomnit Ha ypoBHe 35 ABA 3 JNEK-
TpPpoOHa, He OBl OB NPOBOAHMKOM, TaK KaK 30HAa 3§ OKasanack Ouhl TOUHO
B T3KOM Ke NOACKEHHM, KaK B 30HH 1§ M 25, B geHcTBATENBHOCTH Ke
nyCcTas paspemcHnas 30H2 3p maruwd, Kak Wy Na, nepexpHaaerca
¢ sonoft 3s u MaruuH—xopomnd nporoAHAK. [lepekprTHe 30H BaNEHT-
HHIX 3JAEKTPOHOB, 06DA3yOIMHX F0HY POBOAAMOCTH, — XAPAKTEpPHAR 0C0-
GEHHOCTh METaNANOB.

DACKTPHUYSCKHE CBOHCTBA METANJIOB 31eCh OblIM ONMACAHB Ha OCHOBE
OMACATeNbHOH 30HHOH TeopuH TBEPAOrO Tena. ECMH BCIOMHHTL, YTO A4
3ACKTPOHOB BHYTPEHHHX OO0OAOUEK BJIHAHHE COCEJHWX AaTOMOE KpaitHe
Mang A uro obofmecTeacHue (PaKTHIECKH 3aTPArNBAET TOABKO BaJEHTHHE
9NEKTPOHB, TO CTAHOBMTCS TOHSTHBIM, YTO TEOPUS BOH COOTBETCTBYET
M3BECTHOMY IPEACTaBJIEHHIO O CBA33aHHEIX BHYTPEHHUX B3SJACKTPOHAX, HE
NPAHHMAIOMIEX YYaCTHA B 3IJEKTPHYECKOM TOKE H JIEFKO OTAEASIOIUAXCS
OT &TOMOB METaJna BAJEHTHHIX 3JEKTPOHOB, OOpPA3YIOIMX B METal/E
«34eKTpoHubif raz». Ho 3i¢ch 3T NMPEACTABRCHHA UBTONKCHH HA AIHIKE
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30HHON TEOPHH TREPAWX TeA, KOTOPHHA OKasaaca oueHb YAOOHWM Aas
ONMACaHnA SAEKTPHUECKHX H ONTHYECKUX CBOHCTE KPHCTANIOB *).
Bo3pMeM, HAaNPHMED, KPHUCTaan CO CTPYKTYpo#l 30H, u306pameHHOl
Ha puc. 88, xapakrepHOoH AAs GecnpUMECHBX TOAYNDOBORHKKOB H H30-
naropoB. Mexay comepwenso
- a OISO

‘0’.’0.0‘
NPOBOAMMOCTH U Bepxuell U3 Gie Kpigrannd B 0254 pagewsenrin
_ = RS XA ypodred {some
83N0NHEHHBIX 30H (HA pUCYHKe K npobodumocin)
MOK#3aBbl TOAbKO [BE 3aro.- @ A
HEHHBE 30HB) JEKUT IWH- i

POKaa 30Ha 3anpeleHHmX -
yposuell. B takom cocrosnnn
KpUCTann  COBEPIWIEHHO  HE
nposoauT TOKa. Ecam warpe-
BaTh KpHCTana, TO BCAEXCTBHE
TENAQBOrO0 [ABMKEHHUS B NYC-
TOH BepxHelt 30HE HAYHYT
TOSBAATHCA TEPMUUYECKH BO3- 3ome

W,

Oy A ACHHHE SAEKTPOIIH, HO X ””fﬁg‘gjgg"“ - ﬁ gfﬂgff””‘” .
A ]
Oyaer Mmano, Tak Kak CpeaHss 3030”0 AT

SHEPrUA DNEKTPOHOB N0 No-
PRAKY BE/MUUMHK paBHa &7,
a kT paxe npu 2500° K co-
cTapaseT oxono 0,21 28 ¥ aaa
60nbILHHCTBE  OECPUMECHBIX
KPHUCTAaANOB OCTA€TCa B CHAE
ycacpue kT L Qp Tlposo- %
AUMOCTL HBOAATOPOE W NOAY-  Puc. 88. Buepreinucckill OUeKTP pelleTicd H30-
NPOBOAHUKOB B NPOTHUBONOJO~ ASTOpa HAH £oOCTBEHHOIO HCJIyOPOBOAHHAKA.
WHOCTb METANNAM BO3PACTAET

HPDH YBEJAHYERMH TEMIEPATYphl, UYTO HMEET Ha OCHOBAHHA CKa3aHHOro
BHIIE COBEPIIEHHO €CTECTBEHHOE OODRCHEHHE.

[lepexon 31€KTPOHOB B 30HY NPOBOAMMOCTH HMEST MECTO HE TOJBKO
PN HArpeBaHHM KPHUCTAMZA, HO TAaX¥e M NpH Opyrux cnocobax coob-
UICHAS DACKTPOHAM 3JHEPIUM: NMPH NOrAOIUEHHU cBeTa ((POTONPOBOAHMOCTD)
Hau npa OoMOApAHPOBKE KpucTanna OwCTpuMH vacTHuame. Kouuenrpa-
LHA 2/EKTPOHOB B 3SOHE NPOBOAMMOCTH, 3 3HAUYMT, H AEKTPOIPOBOAHOCTh
KpHCTAnaa CHNLHO 34BHCAT OT X3PakTepa Bo30YXAEHHA: OT TEMUEPATYDH,
YACTOTH A 3HEPrHM H3AYYEHHd M T. A. SNEKTPONPOBOAHOCTb 33aBHACHT H
OT NPEensTCTBAM, KOTOPHE BCTPEMACT HANPaBACHHOE ABHXEHHE NEKTPO-
HOB B KpacTalfe, HapacTaomux ¢ TemMueparypo#f, HO JAOMHHHDYIOLLHAM
(rakTOpOM OGHYHO ABAETCA H3IMEHEHHE YHCAA 3ASKTPOHOB, [epeled-
INBX B SOHY NPOBOAHMOCTH M3 3aNOMHEHHOH 30HN. JTOT THI 3JE€KTPO-

| 2-2 sonawvennas
304a

*) ounan Teopus HM3TOXeHa BO MHOrHMX KHHrax, Hanpusep: {Jl, 2.26, ra. 3;
L 229, ra. L 71 228, J1. 2.27; J1. 2.30]
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NPOBORXHOCTH H23LBACTCA NOAYNIPOBOAHHKOBMM, B HacToslee BpeMs ycra-
HOBAEHO, 4TO 3AEKTPONPOBOAHOCTb KpucTaanos saementos B, C, §i, P,
S, Ge, As, Se, Sm, Sb, Te, I, 2 Take MHOrHX KPECTAAI0B CAOXHOrO
COCTAaBa BMEET NOAYNPOBONHMKOBHM Xapaktep. HekoTopele w3 HuX Oka-
3RIBAKTCA NOAYIPOBOAHHKAMYU TOALKG B OnpeaeneHsof KpucTaaanyecxoh
mMoaudmransu. Hanpumep, cepoe onoBo (MoauduKauus, ycro#iunaas npu
t < 13°C) — noaynpoBoAHHK, B TO BpeMa Kak ofumunoe 0ence oJOBO
BMEET METANIHYECKYI0 DAEKTIPONpoBOAHOCTh. llonynporoinnkoBme cBOl-
CTBAa APYTrHY (MHIULSK, CypbMa) HPOABAHIOICS TOALKO B ONPCEEJICHHBIM
o0pa3oM U3rOTOBAEHHBIX TOHKHX TJIeHKaXx. Hakowneun, HexkoTtophe mnoay-
NMPOBOAHKKE HMEIOT HACTOABKO OGOJAbINYI0 INUPHHY 30HH 3aNPElteHHBIX
yposHe#l Qp, 4TO AaXE NpH BHCOKMX TEMICPATYpax 3a CYET TENJAOBOLO
BO30OYKACHHA HEap3s NONYYHTL 3aMETHOR saekrponposognocth. Onu pe-
JAITCH 3aMETHG MPOBOISILIMMH TOALKQ NPH MOTAOIMERHW UBAyUeHus 6o/ib=
imofl 9acToThl. K TakuM KpUCTanaam NPUHALNCKMT ai1Mas.

Takum 006pasoM, B 30HHCH TEOPHM SACKTPONPOBOAHOCTH 4HCTHE Oe3-
DEPeKTHHE KPHCTAAAB DPasAendiorcs Ha ABC FPYRNB: METalibl W Hoay-
nposoaAsnkd. OnHaK0 Halle NOMb3YIOTCH HECKOABKO UROH KAaccHdpuKauned.
Uucrnle GesnefexTHHe KPUCTalasl ¢ HeGOAIOH IMWPHHOH 30MM 3ampe-
IMEHHWX YposHeH (nopanka 1 36 W MEHblie) HA3LIBAKT COOCTBEHHBIMH
noaynposoguekamt. B rabaunue 4 npuasencHs! 3HayeHusa Q) LIS HEKO-
TOopnX H3 Hux. CnegyeT 3aMETUTh, YTO (Q, 3dMETHO MEHAETCA C TeMiepa-
Typott [JI. 9.43, Bmin 17].

Tabauna 4
llupuna 30Hbl 3anpemeHHBX YpOBHeH Q,

Bemectpo | Bop Hon | Fepuasind [ Kpeuuud Teanyp (K%f,terlfj CuzO | PLS
Qo l26) 11,58%) 1,3 | 0,68%%) | |1%%) 0,39 1,7_1,gl 1,5 | 06

Co6cTBeHHEE HOAYNPOBOIHEKE B QOLiUHBIX N3a0OPATOPHHX YCAOBRAX
(koMHaTHag TeEMnepatypa, OHEBHOE OCBeuieHHe) o004agaloT  3aMeTHoH
DAEKTPONPOBOAHOCTLIO, XOTH # HAa HECKOMBKO MOPRIKOB MEHBIUEH SAeKT-
PONPOBOAHOCTH MeTaAn0B, [Ipy 3TUX YCAOBUAX YHCTHIE KPHCTAMIA, HMEH-
ue Q, NOPAAKE HECKOABKUX 3AE€KTPOHOBOABT {(aaMa3 Q,==5,.6 3a,
cepa Qy=—2,0 98), NPaKTAUCCKA HE [PHBOAAT ¥ HX Ha3hIBAOT H30A4TO0-
pamu, C Apyrofl cTOpouH, Tak#e TMOAYIPOBOAHHKH, K3K CEPOE 0A0BO
(Qo=—=0,08 38) uau cunaB Sh(Cs;, npumenaeMmbifi B (POTOKITOZAX, MMEIOT
YKE [PV KOMHATHHIX TEMMEPAaTypaX CTOAb BHCOKYIC KOHUEHTPALUH
SAEKTPOROB TPOBOAKMOCTH, H9TO A/ HAX OKa3HBAETCs NepeHaACHHOW rpa-

¥) Qupeneredo W3 TeMnepaTypHON 3aBHCHMOCTH siekrponposoanoctd. fApy-
roff Merod (CNeKTpalbHAR 32BHCHMOCTh  (POTONPOBOSHMOCTH) Xaer jaas Gopa
Qs = 1,11 — 1,27 38 npn KomdarHol TeMmneparype.

#%) [Ipu xoMHaTHON TEMuUEpaType.
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HALA BHPOKAEHHS (AR CEpOro 0A0Ba BhpOwAeHne nactynaer npu —70° C).
JNEKTPONPOBOAHOCTh TaXUX ROJYNPOBOANHKOR §.H3Ka K 3JEKIPCNPOBOA-
nocTH MertainosB. Hazo 3aMernTs, 4TG H3YYCHHE DNEKTPHYECKUX CBOHCTB
COOCTBEHUHX MQ,IYNPOBONHUKOR SBASETCH HEJRCKUM JeJ0M, TaK Kak daxe
HHYTOXHKIE, TPYAHO YCTPAHMMBIE XUMHUECKMMH METOLAMM TpUMecH M Je-
¢eKTH PpEWeTKH B CHAbHOH CTENeHH MEHAT MPOBOAMMOCTL M YacTo
HEMb37 C YBEPEHHOCTHI CKaaaTb, YTO MAMEPACTCA AEHCTBHTEAbHO CO6CT-
BeHHas NMPOBOIUMOCTL NOJIYNPOBOLHKEKA.

DAEKTPONPOBOAHOCTS YHCTOrO KPHCTANNA OUpPERensiercd He TOAbKO
SNCKTPOHAMH 30HH NPOBOAMMOCTH. B 30HYy npoBOauMOCTH 3MeKTpOHH
NepexonaT K3 3anoJHEHHOR 30HH, H NOKB/eHHe B Hel CBOCOIHHX YypoBHEH
NPUBOAUT K BOSHAKHOBEHHIO NPOGBOAMMOCTA JAPYTOrQ THMA — TaK RHasH-
paeMOH AMpPOuYHOH NMPOBOAMMOCTH. PaccMOTPHM 3TO HAa TIDUMEPE KpHC-
TaMia ¢ NapHOYIEKTPOHHOR KOBAJAEHTHOH CBA3LIO (KPEMMHH, repManHi).

iTpu 7 7% 0°K HexoTophie W3 BANEHTHRX SACKTPOHOB OTPHBAIOTCH
OT aTOMOB K TOJYRAIOT BOIMOKIIOCTh TIEPEMCIIEHHS BHYTPH pELLIETKA,
B TO BPEMA KAK COOTBETCIBYIOLIME CBA3K MCEKAY 2TOMaMH, OTKYida OHH

Peaynumupyuiee CMEILERUS

J@T_Wﬂ N
@
VA N4
@ @

fymre 3nexmpore ymis Qoipru
FAOKITPOMHE) Leiptwneic
e A . e
apmor Mecrmo poxdenus nopn  TOTGK

SAEKTIGH — TeiokG

Fox

Puc. 89. K Bonpocy O MexanmaMe 3SICKTPOHHOIO
4 ABPOYHOrO TOKOB B KpHCIAlie.

ObliH VIAJEHH, OCTalTcd He3anoaueHAWMH (puc. 89), Tenmaoroe nsmke-
HHE SJEKTPOHOB OyIer nMeTb NBOSKnH XapakTtep. Bo-nepenix, cBofoAHHE
3NCKTPOHB OYAYT GECHOPAZOMHO MEpPEMENIATbCR MEWAY Y3AaMH PelIeTKd
W, BO-BTOPHIX, Ha CBOOOIHHE MECTa B HE3ANOJHEHHBIX CBA3AX OYAYT ne-
PEXOAHTL IEKTPOHB U3 COCEAHHX 3anmoqHEHHBIX cBazel. Peayastarom
TaKuX Nepexolos Oyaer GecnmopaoouHOE MEPEMELICHHE NO pelleTke CBO-
6OAHOrO MECTad B JEKTPOHHON CBY3HM. YJaZeHne >SAEKTPOHA U3 CBA3H
SKBUBANEHTHO, OQUEBHAHO, BEEJEHWIO B CBA3b 3apwia — €, UHEMH CJ10-
BAMH, HE3aNOJHEHHAsA 2JEKTPOHHAA CBS3k D2BHOCHALHA [OABACHHIO 3a-
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paga -+ e, JOKATHIOBAHHOTrO BOAM3H MECTd, e paHee HAXOAMICA 3AEK-
TPOH. 3HayuT, NEpeMellleHHe N0 pelieTKe CBOGOAHOro MecTa B CBS3M
MOWHO TPAaKTOBAaTh Kak aeuxenue sapapa |-e. Ha awarpamme, usoSpa-
sawieldl sHepreTnyecKudl CHEKTP KPUCTaNna, He3aNOJRCHHAA CBA3b O3Ha-
YaeT NOABJIEHKE CBOOOAHOTO YDOBHs B BEepXHel 3aBOJHEHHOH 30HE BAAECHT-
HHX 3AeKTPOROB. MMes 9T0 B BHRY, nepemelnawiieecs 10 penieTke cBo6oA-
HOE MECTO B SJCKTPOHHOH CBA3R HasblBaioT Aupkoi. Jlepke npunycs-
B2IOT 3apAL —-e W CUHTAlT, 4TO OHa YYaCTBYET B TENJIOBOM NBHXEHHU.

3anCoAHEHHNH 3AEKTPOHHEIE YPOREHb #BAACTCA CBOGOAHLIM YDOBHEM
ana appxu, [1osroMy 3anosHeHHad 30HA eCTh 30HA CBOGOAHEIX ARPOU-
HHIX YpOBHEH, a nogpieHHe B Hed ypOBRHEH, HE 34HATHX 3NCKTPOHaMH,
03HAYaeT 3aMOJHEeHHe 3TUX ypoBHel asipkamp. Hbpku B 3anoauerHof
30He CTPEMATCS 3aHUMATD VDOBHAM C HauMmeHnblieit sweprueft. Ha pnarpamwe
SHEPreTHYECKOro CNEKTPa 3TH YPOBHA HAXOIATCH BOAW3N MOTOAKA 3aM0d-
HEHHON 30HB, TaK KaK OSHEPrus NOJOKHTENbHO 3apSAKEHHHX JBPOK Ha
5TOR NuarpaMme OTno#eHa csepxy BHus. lIpu 7 3£ 0°K rvennosoe nsu-
MEHHE 33CTABAACT AGIPKY PacHPeaeaarbCa 110 YPOBHAM 32NOAHEHHOH 30HLI
B COOTBETCTBHA C 3aKOHOM bBoOnblUMaHa cOBEpHIEHO TaK WE, KAaK pasMme-
LLAITCH 3ACKTPOHH [0 YPOBHSM 30HH NPOBOIHMOCTH.

Tenepp MOXHO NOJHOCTBIO MPEACTABUTL cefe KapTHHY TOKA B COOCT-
BEHHOM NOAynpoBoAHuke, [Toa peficTBHEM SAEKTPHYSCKOTO MOAR BO3HH-
KaeT TedeHue HAH Apedd 3SJEKTPOHOB M ABIPOK, HakAaamBawimuhca Ha
ux OecnopagouHoe TENAOBoE aBHWeHHe. TOK COCTOHT H3 YBACKACMbIX
B TPOTHBONONOKHBX HAMPaBACHUAX IHIEKTPOHOB H AWPOK, NpHUYEM M0O-
JBUKHOCTA STHX JBYX THNOB HOCHTEAEH TOKA, OUEBHIHO, pa3/HyHLL
O6KYR0 MOABWAHOCTE PNEKTPOHOB OBIBZET (OJbHIE NOABUAHOCTH AHPOX,
M COOTBETCTBEHHO B COGCTBEHHOM NOJAYNPOBOAHHKE 3AEKTPOHHAA KOMIO-
HEHTa TOKa 00Ablue AspOUHOH.

Ha a3pike 30nMO# TEOpPHH 3ACKTPOHHHH TOK 03HAYAET NEPEXOT SACKT-
poHOB Ha Oosee BHICOKWE CBOGQAHBIE 3HEPreTHYECKUWE YPOBHM B 30HE
NpPOBOAHMOCTH. [IWpouHBH TOK O3HaYaeT nepexon IWpPOK Ha CGo/ee Bh-
COKHE SHEPreTHYECKHe YPOBHH 3ANOJHEHHOH 30HH, T. €. HAa YPOBHN, Pac-
MOAOKEHHEIE Ranbilleé OT TOTOMAKA 30HW. Kak BaAHO, 30HHAA TEOPUS ONu-
CHBAET IEKTPOHHLIA ¥ ABPOYHLIA TOKK 8 NOAYNPOBOAHUKE OYEHb CXORHBIM
o6pa3cM. 3aMeHa AepeMelUCHUA 3JSKTPOHOB MO CBOGONHHIM MECTaM B CRa-
39X  ABHKEHHEM MNOJOKMTEAbHHX JALIPOK OKasdalack oueHb YyI100HOH B
TEOPUH TBEPALIK TOAYNPOBOIHHKOE.

3. JxcnepumeMTaJbHOE ONPeleieHHe pachpeXeneHus ypoeHed B
30H€ NPOBOEMMOCTH M3 PEHTTEeHOBCKHX CHEKTPOB. QnuiieM KOPOTKO
IKCNEPHMEHTANbHBIH METOA HAXOKAEHUA pacnpele/iehns yPOBHEH 3IAeKT-
pPOHOB B METaAle, OCHOBAMHEI HAa H3YUEHHWH PEHTITEHOBCKHX CMEKTPOBR.
XapaKTepHCTHUECKHE DEHTTEHOBCKRE JAyud BO3OYMAATCH, KAK HU3IBECTHO,
NpHd NEPEXOAE INEKTPOHOB € BHEIUHHX CAOEB HA OAWH U3 BHYTPEHHUX
cnoes K, L, Mwu 1. &%) 308ul BEYTPCHHHUX IIEKTPOHOB 6ObIIER YACTLIO

JL A I, 1.2 ra 25 JLA 2 1.3 § 348
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(a croee K o L nake scerna) NpPaKTHYECKM HE PA3MBIBAIOTCA, M TAKUM
06GpasoM, KOHEUYHbIH YpOBeHb nepexoga ocraercs dukcuposanHoiM. Ho
ypoBeHb, ¢ KOTOPOTO HaUHHAETCA MEPEX0/l, MOAKET AE€XaTe rae yroaHo
nocpeau 30HH mpoeoguMocTH (puc. 90, nepexoam § w 2). [daa pasnmx
HA4aAbMHEIX YpOBHEH mDepexola ocsoboxkaaimascs s3neprags AW Oyner
pasanyHa, K TaKk Kak AW =—hv, T0

A
BMECTO Y3KO$H JIHHWH, KDTopas noay- -

yujJack OH, ©CAd MEeTaAJ HaXO0HJACA B w

1apoo0PasHOM COCTOSHHE, NOAYWHTCA |

LHPOKaa CHEKTPaNbHas noJoca. Us Toh T T | yeotens
MaCTH 30HB, TJIE€ [JIOTHOCTL 34NGMHEH- — Degmu

HHX ypoBHeH Goapwe, 6yaer Goaplue
M epexoi0B, SHAYHT, N0 pacnpesene-
HHUI0 HHTEHCHMBHOCTH B NOJOCE PEHTTE-
HOBCKOr0 IMACCHOHNON O CeKTPa (CneK-
Tpa HCOYCKaHHA) MOKHO CYAMTh O
pacnpeleseHld ypoBHedl B 30He npo-
ROJAKMDCTH, BEPHEE, P 4aCTH, Jaexauleit
Huxe yposha Pepms W, TaKk KaK 3J1€KT-
poHoB, 3HEPTUS KOTOpnXx W > W,
ouenb Mano. Koneuno, He Beck peHTre-
HOBCKHIl CnexTp TBepaoro rena Oymper
COCTOATH M3 3MMCCHORHHEIX MOAOC, TaK
KAK B B TBEDAHX Teaax OyAyT BMETH
MECTO TEPEeXOAb 3/EeKTPOHOB MEKAY p —1
,uByr;Iﬂ PE3KHMH HEPABMHTHMHA ypOBHflMH. "pem%%ﬁﬁqypoﬁeﬂa

pY MOT/IOUIEHHH PEHTTEHOBCKOr0
M3AYNeHus  Tipoucxopar  nepexoawl  Puc. 90. K wWcrosxoBanuio peHTre-
9NEKTPOHOB U3 BHYTPEHHHX CA0€B K, HOBCKHY CNEKTPOB METALIOB.
L, ... Ha cBODOJHHE YPOBHM, KO-
TOphIE HMCHTCH NMOYTH HCKAKYMTEABHO B 30HE MPCGBOAMMOCTH BHILE 3a-
MOAHEHHOR €e YaCTW, T. €. Buwe YypoBHs Pepvu. ID1v Nepexolns TaKxe
OTMeueHH HH¥e Ha puc. 90 (nepexoam 3 n 4). Obayuad Metana «Geanu
PEHTrEHOBCKUM CBETOM», Mbi MOJYUUM B CMECKTpPE HNOCJIOLLEHHS [OAOCH,
PACMpERCACHHE WHTCHCHBHOCTH KOTOPHIX, H3MEPEHHOE MO NOYePHEHHIo
({hoTONAACTHHKH, OTPaXKaAET pacnpefeneHne ypoerel 3HEPrunm B He3anon-
HEHNCOH 44CTH 30HH RPOBOOMMOCTH. TakuM 06pasoM, KOMOHHUPYS DE3Y.ib-
TaTel, TOJYUEHHBIE NPH HAGMIOAEHHH DPEHTIEHOBCKHX IMACCHOHHHLX CHEKT-
pOR M CMEKTPOB NOTIOILEHHSA, MOKHD HalkTH pacrpejleneHHe BCeX ypOBHeH
B 30HE MPOBOAMMOCTH, KaK 3aAATHIX, Tak M cBoGoannX., ONHT (0Ka3H-
BAE€T, 4TO B PEHTIEHORCKHX 3IMUCCHOHHHX CHEKTPAX MET2NAN0B T€ JIHHAW,
KOTOPHE COOTBETCTBYKOT NMEPEXOAAM H3 S0HH NPOBOAUMOCTH BO BHYTpeH-
HIE CAOH, PABMLITH B LIMPOKHE MOJAOCH, OKAHYMBAGIIMECH €O CTOPOHLL
KODOTKHX BOJH AOBOJbHO pe3kofi rpaduued. Pe3kocTs rpaHaul o6bac-
HAETCA CcneayiouinmM o0pa3oM: CaMas KOpPOTKAas BOJAHA NOAYY2ETCd NIPH
NEPEX0oAe U3 BEPXHEA YacTH SOHH DPOBOAHMOCTH. Ecau npHH#Tb fn
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SJAEKTPOHHAA 9MHCCHA
30HH TIPOBOAMMOCTH pacnpenefteHne PepuH, TO OHO, KaK H3BECTHO, PE3KO
sakanympaeTcs okoao W=1W, u pesxocTs Tem Gosblie, H4EM HWWKE
temneparypa. Ha prc. 91 npeAcTaBaeHO pacnpeaenenHe HHTCHCHBHOCTH
PEHTTEHOBCKOFG H3AyYeHHA (H3MEPEHHOE IO [IOYEPHEHRI0 TAACTHHKM)
. B0JIM3% KOPOTKOBOMHOBOIQ KPas AnA OAHON 13 jiu-

1’7”’ At cmekTpa Al npu pasHHEX TeMneparypax.

M3 pucyHKa BUAHO, YTC DPA3MBITHE KPpad 0o-

NOCH YBEIHUMBACTCS ¢ BO3PacCTaHHEM TeMMnepa-
TYPH, KaK 3TO M CACHYeT u3 Teopuu. Beamvuny
pasMLITAS KpPas NOJOCH MNOF/ACLICHUA B 3aBHCH-
MOCTH OT TEMNIECDATYPH MOKHO ONEHHTb, MC-
X0As u3 hopMya KBaHTOBOH CTAaTHCTHKM, U pe-
3ayALTaTH TAKOrO MOACYETa [4I0T Xopoluee
KOMIHYECTACHHOE COBMN2AEHHE ¢ RAHHBIME pHC, 94,
Buytpu 30HB NJAQTHOCTH YPOBHEH COTIACHO
dopmyne Pepmu (bopmyaa (1V, 30}) napactaer
nponopimonansko W'/, Otciona caeayer, «ro
HapacTaHW¢ UHTEHCUBHOCTH PEHTTEHOBCKOTO 13-
AYYEHHR N0 HaMPABAEHHIO OT AJHHHOBOJHOBOTO
(Hepe3korv) Kpad TOAOCH HOMKHO CHEN0BaTh
TOMY K€ 33aKOHY, €C/IH Ha HHTEHCHBHOCTDb BJIHAET
TONBKO MAOTHOCTh ypoBrel. Ha puc. 92 paum
SKCTICPUMEHTANbHAS KPWEBasd PACTpeICIeHus HH-
TEHCHBHOCTH AJH HATPHA, NOJYUYEHHAR [IPOMEPOM
noucpHenus (QOTONTACTAHKY, W KDHBafg, OpJN-

130 ‘
A L#,m i

H HaTH KOTOpOH npomopuuonajipua W'/2, Brumy

Pre. 91, PesyabTaral 3SKc-
NEPUMEHTATLHOr0  HCCIe-
NOBaHUA DaIMHTHY Kpas
IMHCCHOHHOR
NpH pa3HHX TeMUepaTypax
B 33BHCAMOCTH GT SHEPryH

[F0AaCH .

TOrO YTO HYXKHO CPABHUTEL TOALKO XapaKkTep Kpu-
BBIX, K15 O61Er4eHud CPaBHEHNA COOTBETCTBEHHO
noNOGpaHH HX MONOXEHMS W MacwTall, B pe-
3yJbTaTe. Mero GAu30CTh GOPMBI 0OCUX KPHBBIX
Ha 3HAYHTENBHOM NPOTIKEHKH NENAETCA BNOJHE

JEKTPOHHHX  [EPEXCA0B  ogucpugHolM. CnenosarensHo, nas Na, Kak ans
hv B 38. psiia APYTHX MEeTaanoB, C AOCTATOYHBLIM OCHOBa-
Ilo ocH oOpIMBAT—NOTepPHEHUE

HHEM MOXHO NOJB3OBATECS NPHGIUKEHHEM TEO-
pay CBOGOAHHX 3JEKTPOHOB,

Crneayer OTMETHTB, uTO XapPaKTep peEHTre-
HOBCKAX CMEKTPOB 3aBHCHT M OT APYTUY, 306Ch
He NPHHATHX B pacuer OGCTOATENBCTB, TaK UTO MO/HAs TEOPUs SBICHHSA
MHOTO CAOWHEE M 4aCTO HE CYWECTBYeT, Kak 3T0 HalmiolaeTcs Afs
HaTpU4, NOJAHOIO MAapaniejd3va MexAy KpuaoH pacnpeneneHus UETCHCHEB-
HOCTH B [QJOCE DEHTrEHOBCKOrO CNEKTPa K PACHPEIeNeHWEM YpPOBHEH
cBoboaunx saekTpoHoB no depmu [JI, 2.31], Tem He meHee OCHORHOA
BHIBOJX O NpOCTOf CBASH MEXIAYy PEHTTEHOBCKHMM CIEKTPAMH B pac-
NpeAeneHUeM IASKTPOHHLHX YPOBHEH B MOJAOCE MPOBOAHMOCTH OCTICTCR
CTPAaBEAJHBHM. ITOT METOL MNPHUMEHUM W K HEMETaJAHUECKHMM KpHC-
TaJANAM.

DOoTOnAACTHEEA, RpOOapPIKO-
HaABHOE UHTCHCHBHOCTH H3Ty-
YSeHHd.
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4. TlpumecHble NOAYOPOBOAHMKH. HaK yie YyKasHBAAOCH, HPHUMECH
CHJILHO MEHAWT 3JACKTPONPOBORZHOCTh, T. €, N30T 206aBouHbie ¢BOOOAHLIE
3JEKTPOHB W/AH JAHPKU. PaccMOTPHM THIHYHGEIE TPUMEDPH TIPUMECHBIX
n0AYNPOBOAHUKOS.

B kpucraan Si wan (e Ao6aBASKT HEMHOTrO TpexBanenTHoro Gopa
HAH DATHBAAeHTHOro ochopa. TexHo0rKy BBEAECHHA HpuMeCed MH 3i1eCh
KacaTocd He 6ynew. Kamanil atom
(PUMECH  3aHHMAaeT OABH U3
¥3J408B PCHICTKH, H KaK BCAKH
HOPMAJBHEIH  aTOM  OCHOBHOI O
/CMEHTA HMEET YeTHpex OJaH-
AaBIMx coceaef.

JIAsl 3anonHEnMs NapHO3JeK-
TPOMHBIX CBA3EH TpedyeTcs BCEro
HeTHIPE AEKTPOHA H, CA€A0Ba-
Te/bHO, NATHR 3xexTpod <oc-
¢dopi e BXOAHT B CBA3b H OKa-
3piBICTC  C1200  CBA3AHHBIM C
npuMecHnM atomoM. Hampumep,
B ¢ayuae BBejgenua Qocdopa B
KpeMnuit paboTa OTpHEBa NATOrO
B4.IEHNTHOT O IEKTPOHA paBHa Aaa . ' =\ !
HeG0ABINOH KOHUEHTPAuMH Goc- a ! 2 3 28
¢opa upumepHo 0,06 58, B TO  pyc 92, Cpasmenue Teoperwueckoro pac-
BpEMS Kak WOHM3ZRUHOHHBE NO-  ppefeteHHA 9HEPIHE SIE€KTPOHOB (KpHBAd,
temiman P pasen 10,98 8. Oue- OpAMHATH  KOTOPOR  RpOMOPUUOHANBHb
BHAHO, SHEpreThueckuil ypoeeHp ¥ W) ¢ pacnperelenneM, HaineHRRM
OATOTO SAEKTPOHA pacnonaraena LA Na no HHTEHCHB-HDCTH PEHTTEHOBCKOTQ
pcero uHa 0,06 38 Huxe HHa HITYHCHHA,
30HK TPOBOAKMOCTH, T, €. OYEHb
6au3ko Kk Hef, Kpemunh ¢ po6asxkoit dochopa -— npuMecHmH noayupo-
BOIHHK, NPOROZHMOCTb KOTOPOTO 34aBHCUT OT KOHUEHTPAUHA NPHMECA,
[T#THBANCHTHHE TPUAMECHHE aTOMB ABAAIOTCH TOCTAaBUIMKAMH CBO00AHBIX
IACKTPOHOB H HA3WBAIOTICA JOHOPAMA.

Buecenre TpPexBaASHTHOTO IMPUMECHOTO aToMa Gopa OCTaBJfET Hesa-
MOJIHEHHYIO CBA3H, T, @ CO313eT AWPKY, AOKaJAH30BAHHYI0 B COOTBETCT-
BYIGUIEM ¥3/]E DCIIeTKH, HO Cnafo € HuM ceaA3assyio. Ha ee orpus,
HHLIMA CJI0BaMH{, Ha NEPEXOA 3IJAEKTPOHA € GAHOre W3 COCENNHX aTOMOR
B HE32I0JHEHHYIO CBs3b, Tpedyercsi okoao 0,08 26 mns HEGOALUIMX KOH-
uneaTpauuil. Ipumecnut atom, umeoumfl ¢aabo ¢ HUM CBA3AHHYIO ANDKY,
HA3LIBAETC AKUENTOPOM, H CBOOOIHHHA pasdpelieHHnR YDPOBEHb,
COOTBETCTBYIOUIHA CBOOOAHOMY MECTY B CBH3M, HAXOAHTCH OGIH3KO K BCDX-
Hell rpaHune sanojneHHo#t 3ounl. Takum o6pasom, noatupas COOTBETCT-
Bylouie npiMecd, MOKHO B Ge kAW Si co3maBaTe 3JEKTPOHHYW HIM
AHPOYHYIO NPOBOAKMOCTL M MEHATh €& B Upoxux npesenax. Iloaynpo-
BOAHUKH C 3JCKTPOHHOH NPOBOAWMOCTBIO YACTC HASHIBAIT 3ACKTPOHHBIMA

Hagaodens

HHMBHTUBHOCTY  UBAYYEHUR
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AR N-NOAYNPOBGIHHKAMU (negative), a NOAYNPOBOIRHKH € IBPOYHOH
NPOBOAUMOCTBIO — ALPOUYHBIME KR P-NOAYNPOBOIHUKaMU (positive). Pa-
60Ty OTpHBa SJCKTPOHA OT JOHOPa ¥ AEIPKH OT AKLENTOPa Ha3uBaloT
SHepruel aKTUBADOBAHHA HAA SHEPrueil HOHU3AUMH TPHMECHLBIX aTCMOB.

[Ipnunba cnaGol CBABH AEKTPOHA, HE BOMIEAWETO B NapHO3JEKTPOH-
HYO CBA3b, C aTOMOM-AQHOPOM ODDBACHAETCA CAeaylolmuyM o0pasoM: snex-
TPOH ABHKETCH OKOAO aTOMa-3040D2, uMeromero s¢dexrupnnl 3apan |- ¢,
noaoCHo 3aEKTPoHy 8 atoMe soaopoda. Ho arom-gouop HaxoautTcs He
B BAKyyMe, 2 B Cpefle ¢ ANITEKTPHUCCKON TOCTOAHHOHW &, OTJAWYHOR OT

AmioM (HOCORT UMERIT? H20pimoyredl IAEXITIPON
LIEBIMOU + IGPAG amoMa  GOCHOED

Puc. Y3, BoaroBas @yHKUEA ¢ 31EKTPOHA, CBA3AHHOLO
c atoMoM $ochopa B KpeMHRUH,

[Ta0THOCTE TOURK npllﬁJ‘l HERHHO COOTRLICTBYET DALMpEACAEHHIO BOAHC-
BoH QyHRAHY,

exvnuns (e =11,7 ang Si, e = 16 ang Ge). Cuna, CpA3HBALOILAA 3NEKTPOH
c atomoM, OydeT B & pas Mewbiie, OpOUTA COOTBETCTBEHHO B & Pa3
Goibwe, u pabGoTa oTpuiBa Menblte 8 £ pa3, HerpynHo smiets, 4To 310
NPHBOANT K MPABHALHOMY MOPAAKY BEeJIHYHHH DHEPrd¥Hd HOHW3AURH.
IOns  womopoma U;=135 8 u ara Qe N0AKHO  MNOJAYYHThCH
13,5/11,7 2= 0,1 8 B XOpoUIEM COrnacHH ¢ OUBITOM. BoaHOBas ¢yHKIuUs ¢
3JEKTPOHA NEPEeKPHBALICA €O MHOTHMH AaTOMAMH OCHOBHOH DeIIETKH,
KaKk 370 nOKa3aHo Ha puc. 93, HHLIMU C/I0BaMK, 3CKTPOH B CBOEM MBU-
MEHUN B3aUMOACHCTBYET € OYeHb OOABIUAM YHCAOM ATOMOB OCHOBHOTO
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sAeMeHTa pemwerkid. B Kpuctanae ¢ npaMEcb0 aTOMOB APYTOro 3J1eMEHTa
USMEHHTCS BHI (YHKUMM § TOABKO BOJHWSH NPUMECHOrD artoMa, a fouTH
BO BCeM 0ObeMe NepekpuiTHR OHa He Meunsercs. Floatomy paGora oTpriBa
SAEKTPOHA OT AOHOPA HOAKHE MadQ 3aBHCETh OT COPTa NPUMECH, YTQ
BNOJHE OMNPAaBIAHBAETCH Ha ONHTE.

Ilepexon 3J€KTPOHAZ & 30HE BAJEHTHBX CBA3EH MOKHO TPAKTOBATh
Kak OTPHB ZHPKA OT aKUENTOpa, T. € OT HOHZ C HEAOCTATKOM B YHCJAC
BAJEHTHBIX DACKTPOHOB. 32 UCKJIIOUEHHEM MEDEMEHH 3HAKOB 8dPAAOB 3TOT
cayualt ananoOrWYeH CAyvale OTphiBa 2AEKTPOHA OT JOHOPA, W 3aK/iode-
HHE O NPHUNHAX MANOCTH SHEPrAM HOHHU3AUUU H €€ MaJoh 3aBHCHMOCTH
OT COpTa MNPUMECH OCTaeTCA B CHAE.

[TpoNopiMOHAABHOCTD MEXAY aHeprucit WOnuaaumy npumece Q w 1/ed
OTPABAKIBAETCH HA ONMTE OOBOALHO IIADOKO, H 3Ta 33aKOHOMEPHOCTH
naeT NpaBunbHuBE nopaaok €. B u4acTHOCTH, oneiT noxasmBaer, YTO 3a-
KOH 3aBHCUMOCTE Q u 1/¢* or
TeMIeparypsl oguHaxos, [Toapos-
nee oM. [J1 2.33)

SHepreTHyecKue YpOBHH J0-
HOPOB ¥ aKUENTOPOB, B OTJH4RE X :
OT YPOBHEA OCHOBHOH DelieTKy, SRS ST
MMET JOKaAkHHH  XapakTep. w::
BoaHoBaf (DYHKUHA SJEKTPOHOB
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MPHMECHHX AaTOMOB HMEET pe3- &b | ¥
KHH MakcuMyM BOAH3W 3THX aTO- axﬁfmﬂgm G.J@ 2, |
MOR H CHajacT L0 HYAA BA2AM e b

or HHX {(cm. pac. 93). Jro 3ua-
YUT, YTO BaJAEHTHEA 3JEKTPOH
aoHopa (AW AHDKa akuentopa) .
HO CBOCTO OTPLIRA HE MOXKCT NE- 2IBNTOOHNDED SoiprinGes
pEMEINATBCA TO BCEMY OGBEMY aanyrpobednna ey
pemeTkH. B cooTBeTcTBUM € 3THM Puc. 94. DHepreTHUECKHE CMEKTPH M€K~
Ha HePTeXaX, AAMOCTPHPYlommX TPOHHOIO M ADOYHOLO LOAYUPOBOIHAKVS.
IHEPFETHUECKHUE CIEKTPHI, YPORHH

NPHMECHHIX aTOMOB MH OyieM u300paxate HE CNAOHIMLIME JHHWAMH, 3
NMYHKTHPOM WAH TaK, K3aK 5T0 NOKas3aHo Ha puc. 94. 3HaK B KpyxKe
(naC g BOHOp2 ¥ MHHYC [Ad aKU2nToPa) VYKASWBAE€T Ha 3HAK HOHA
nocRe OTPHRA HAEKTPOHA WAH ABIPKH.

Paccmotpum Teneps Bompoc 008 3A€KTDORPOBOAHOCTH reTeponoasp-
HBX HAH HOHHHX KPUCTaAaoB, takux, kKak Na(l wan BaO. Onwr noxa-
3nBaeT, 4yTO TETepPONOAAPHHE KPUCTAAAHN OO0A3ZAI0T HEKOTOpOH HOoHHOK
NPOBOAHMOCTHIO, HA YTO YKA3LIBAET ABAEHHE SNEKTPOAN3A fHPH NMPOXOKAEHAH
TOKa. MOHHAa® cocTaBaslonlas TOKA B HEKOTOPHWX CAy4anxX, HANPUMEP B
OKCAIHOM TEPMOSIEKTPORHOM KAaTOAL, Hr paeT 60abIWYI0 NPAKTHUECKYIO POb,
HO AOHHEIH TOK COCTABASCT TOABKQ He(OABWYK YacTh MOJAHOTG TOKA.

Huacteiv GeszedeKkTHRM TeTeponoaspHbM KPUCTANIOM MOXHO Ha3BaTh
KPUCTaAA, YHCAO aTOMOB METanda ¢ MOTAAACHAA B KOTOPOM B TOYHOCTH

6 B. H, I'eonmoe, 9, 1

s W
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OTBEUAET €ro XAMH4eCKOH (OopMyne, NpPUYEM BCE aTOMhl PACNOJOHKEHH
TOYHO B [IOAJFAOILKHXCE MM Y3J13X DEWCTKM KPHACTanaa, d BOBCE HET
npuMeced MHOpOAHBIX aToMoB. B 9TOM cayuae rosopsTr, 4tG B KpH-
cTanne Cco03i0aeH0 CTEXMOMETPHUECKOE OTHOLIEHHE W ©oH 00pasyeT
HPABHABNYIO PEINETKY. B rereponcaspHRR KpPHCTaanax BaJeHTHHE 3.1eK-
TPOHBI aTOMOB MeTanna (oauH 3aeKTpoH Na wam aBa anek1poHa Ba)
NEPEXOAST BO BHEIIHUE NOArDYNNL aTOMOB METaAAOKAE, KaK H TETEPO-
noASpHHX Moaekynax. Bepxusis s-sona wmertanna (3ona 3s y NaCl u 6s
y Ba0O) Oonee yakas, ueM Yy MeraaldyecKkoro KpUCTania, BCAEICTBME
Toro uto B kpucranaax NaCl # BaO aroMm MeTaasa OTCTOAT APYr OT
Apyra gaablue, yem B Kpuctaanax Mctanaaos Na w Ba, okaswmsaercs co-
BEpLIEHHO NycToi, Bepxune meraanounnwe 30WH (3p xaopa W 2p KuCao-
pona) 6yAyT COBEPIWIEHHO BanCJHEHB, TaK KaK OHY COAEpPWKAT MO INEeCTb
IJCKTPOHOB HA aTOM: B NOATPYMY 3p XJ0Pa3, COLEPHALLYD NATh CBOMX
JNEKTPOHOD, NPUXOIMT OAMH 3neKTpon OT Na, a 8 noarpynny 2p Kuciao-
poaa € YETHPbMA CBOAMH JIEKTPOHAMY TIPUXOOAT ABAa 3AeKTpoHa ot Ba.

Cnenosatenbho, B o6oux NpEMepax 30H2 HPOROIUMOCTH, COBEPLICHHO
nycras npun 7 =0° K, OoraeneHa OT S3anonHeHHOH 30HH  3anpelneHHOi
30HOl WHpuun Q, Kax snaHo, npu T=0°K o06a kpuctTania — u3o1s-
TOpH, B TaK Kak @, penuko (Rampumep, y BaO no akcnepuMeHTa bRLIM
HanHbIM Q) =
CYTCTBHA J€()eKTOB PEIIETKH H TIpHMEecefl HU3ONATOpaMy M [pH Harpesa-
nud. Oanako peaanhule Kpuctasiau BaOQ w NaCl acerma umenoT npumecd
H 1eQeKTH PEeWeTKH H 3TO NMPHBOAKT K MNOABICHHIO MPOBOGIWMOCTH.

[TposoanMocTs MOXET OHITL CBA3aHA ¢ BBEAEHKEM MHOPOIHHX aTCOMOB
Apyro#i BaA€HTHOCTH, NOAOGHG TOMY KaK 5TC¢ OHJIO0 B NPHMEpE C KpeMm-
HHWEM, HO A9 HAC celuaC WHTepecHee KPRCTAAAM, NPOBOAUMOCTb KOTO-
peiX cBf3ana ¢ aedexrTamn  pewerkd. JledekTn B PEWETKE MOryT BO3-
WHKHYTh [0 PA3JAYHBIM [DHUYHHAM.

ITpu marpepann#t HOHN OAHOH W3 KOMIOHEHT, HaNpPUMEp METanna,
MOFYT WCNApsaThCsl CHAbLHER, B PE3yAbTaTe 4Yero B KpUcTaaie oOpa3ylTcs
BAKAHTHLIE METAMIHUYECKHE Y3JB H HAOHTOK MeTantonja. Ecad, Haobopor,
ObLICTpEE HCMapPAETCA METANA0MI, TO MDY NPOTPEBE MBI [OAYUYUM KDPUCTaAn
C u30HTKOM METaNJa 4 BAKAHTHBIMH METAAAOUAHBIMU Yy3aamu. B oboux
CAYYanX CYMECTBCHHO, OCTa0TCH AR U3OHTOYHLIE ATOMBl B Y3JaX peILeTKH
HAK MepPeEMEtaTCA B MEKIOY3AHs, TaK Kak OT 23Toro OyjIer 3aBuCeTh
CTPYKIYpa 2HEPreTHIeCKOro ClnexkTpa peleTkn. BoamoxHO, Hakowel, yTo
ATOMH OZHOFO COPTa, HANpPHUMEP METAAROHUIHEE, OyayT OTOMpaThcH OT
KPACTAAs1a BCHEACTBUE XHMAYECKOH DEaKkIMM Ha €ro NOBEPXHOCTH H B
pesyabTare GyaeT AOCTArHYT U3OWMTOK atoMoB Metanita. [lpusenew we-
CKOJALKO NPHMEPOB.

Ilpu npoxannsauuM B BaxyyMe OKHCH uuHka ZnO Kucaopox wMcna-
prerca  casbhee, HisOoiTouMnie aToMM Zn NEPEXONAT B MEKA0Y3/uS,
uveiouwe B8 Zn0O GoMbmyI0 NPOTHKEHHOCTb, H COXPAHSIOT TPH 3TOM BCe
CBOW BAJCHTHHE 3JEKTPOHH. YpoBeHs Haubonee €nalo CAU3AHHOrO 3JEK-
TPOHa B H30HTOYHOM aTOME Zn OXa3WBAETCH ONH3KHM K HHXHEH rpaHuue

-y




§ 12) SNEKTPOHK B METAJJAX H TOJAYNPOBOMHHKAX 163

ponocw npoponumocTd, H ZnO nppuolGperaer CBOHCTBAZ 3JIEKTPOHHOTO
[ONYIPOBOAHHKA, .

[Tpokaaneanue sakucn mean CuO B atMochepe kucaoposa npuso-
AuT, HA06OPOT, K u30BITKY KHCIOPOAAa ¥ K OOpPa30BAHMIO BAKAHTHMX
MeT2ANMUECKEX Y3J0B, M30GWTOYHEHE aTOMH KHCJAOPOLA HMEKT BO3MOXK-
HOCTh TNPHCOEAHMHATL 3MEKTPOHM B CBOK BAJICHTHYI [OACPYNNy U #B-
ASIOTCH, CACLOBaTeAbHO, aknenropamu. B 2amo.HeHHod 301e 06pasywTCs
apipkn v CugQ nenaerca AHPOYHHIM NOSYNpPoBCAHUKOM, OOpaGoTka ¢aos
3AKACH MEAY KUCKOPOAOM NPHMEHAETICA [PH H3IrOTORJCHAM MEIHO3aKUC-
HHX (POTODNEMEHTOB,

Ba(O, uaneceHHHMN H2 HUKENEBYK NAZCTHHKY, CONEQKAILYO MPUMECH
KPEMHUS, TIPH NPOFPEBE BCTYNAET B PEaxknHio, B Pe3yIbTaTe XOTOPO#
ot BaO ot6upaercs kncaopod. Ilycrue kucnopoaume yaas, o6pas3osas-
wuecs bOAn3a rpanuns Ni— BaO, scaexcteie nepecTpOKE MOHOB pe-
HeTKH [epeMeulanTcd B Toamy cnos BaO o co38ai0T B HEM H3OBITOK
atomMos Ba, KOTOpBlE, [0-BHIUMOMY, OCTAWOTCA B y3J4aX peEILETKH, TiK
KdK B MEKAOY3ANAX 3TOM0 KPUCTAMIa CAMIIKOM Malo Mmecta. BOansu
NMYCTHX KUC/OPOAHHNX Y3M0B YPOBHW BAaJACHTHWX 32JEKTPOHOB Ba nouu-
HawTcs, M BOAM3UM JHA 30HH TNPOBOJUMOCTH NOABAKIOTCA JOKaJAbHble
YPOBHH, HZ KOTOPHX M MOTYT 3aKpenJasTbCa 37eKTponbl. Ha puc. 94 ouu
ormeuenn 3HaxkoM W, IT0T npouecc, B pesyanrtare koraporo BaO ne-
N3ETCR SACKTPOHHLIM [IOAYNPOBOAHHKOM, HCNOAL3YETC NPH aKTHBHPO-
BaHUM TEDPMORNEKTPOHHWX XaTOAGE W N0ApOOHEee OIMCAH B CJASAY HOLIEM
napar pade. :

CyllecTBEHND, YTO, B QTAHAHE OT COGCTBEHHHX MNOAYNPOBOAHUKOB,
B NPHMECHBIX NOAYUPOBOAHHKAX YacTO NOAy42eTcd abCcoAlTHOe Npeot-
Nanande IEKTPONPOBOAHOCTH OJHOCQ THNMA, KOTGPYIO MOWHO YCHIKMBAThH
WAM JaKe 3dHOBO CO313BaTh NYTEM COOTBETCIBYWINEH 06paBOTKH — XH-
MAYECKOR, TepMHueCKOW 1 T. I

OueraHOo, 4TO BO BCAKOM MNMDHMECHOM MNOAYIIPOBOAHHUKE JOAKHA
B KaKoH-TO CTeNeHHW MpOSIBAATLCE H COOCTBCHHAs NPOBOAUMOCTB, H NPH
ROCTATONHO BHICOKOH Temnepatype COGCTBEHHA® NPOBOAUMOCTb AOMXKHA
npeo0Aaiate, TAK Kak oOWlee 4nNCNO 37EKTDCHOB B BepxHeH 3ano.duerHod
30He r0pa3lo O0JbLIE YHCAZ 3AEKTPOHOR HA OpuMecHu¥ yposuax. llo-
3TOMY [pPH AOCTaTOUHO BHCOKOH TEMNEPAaType€ KOJAHYECTBO ICKTPOHOB,
nepewieaitny B 30HY OPOBOAMMOCTA U3 3aN0JHEHHOH 30HH, Oyaer npe-
BOCXO0IMTh UHC/AQ 3ACKTPOHOB, REPEIMEAIIAX B 30HY NPOBOAWMOCTH C A0-
HOPHBIX YposreH. _

5. [loBepxnocTHBIR DOTEHNHANbLHLIE Gapbep. DNeKTpOHB TPOBOAH-
MOCTH, CBOGOAMO nepeMeilaloniHecd no Bcemy o0beMy Meransa, He
MOrYT, OAHAX0, BHIXOJWTh 34 €ro npegean. VX BuIX0OAYy HApyXKY OpenHT-
CIBYET B3JEKTpUHEckoe noJe, AeHcreywomee B ysxoift 001acTH BOAU3M
MOBEPXHOCTH METa/nAa, KOTOPYH Ha3hBAOT MOBEDXHOCTHRIM NOTEHIHAAL-
HuM OapLepoM.

Motenitnan BHYTPH MeTaana, KOTOPHH, OUEBHAHO, A0NKEH GbiTh BHIUE
IOTEHUHAaKa OKPYXKAwoUEro OpOCTPaHcIBa, B TEOPHA METaAa08 uactu

6.
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CUUTAIOT MOCTOAHHHLIM ¥ HCXOAAT U3 PacnpeleneHns NOTEHIUaTa, NPeacTaB-
ACHHOTO Ha puc. 95,6. B nelCTBHTENbHOCTH MOTEHIMAA BHYTPH METaJna
BO3pactaeT BGJIM3H HOHOB KPHCTAANHYECKOH pemeTkn meraana (puc. 95, a),
KaK 2TO NOKa3aHo ua pHC. 99,8, [Ipeanonoxenne O NOCTOSHCTBE NOTEH-
L1818 BHYTPU METanna BO MHOTMX C/Ayd4asnX, B YaCTHOCTH B TEOPHH 3I/eK-
TPOHHOK 3MHUCCHH, NPHABOAUT

P _Q_@q_@__@____g K XODOUIAM pesyAbTaram, Be-

nnyudy @, (puc. 93, 6) Hazu-

® @ ® & ® BAIOT BHYTPEHHHM MOTEHIMa-

@ noM KpPUCTAanAMYECKOH pelser-

@ @ ® @ @ ku. s onpesenequs Beaauu-

HH 1 POPMH NOBEPXHOCTHOTO

U=0 NOTeHNHaAbHOra Gapbepa Hali-

f aeM paboTy, KOTOPYIO HYXHO
/ 3aTPATHTB AJS YAANEHAS IEK-
; @  TtpoHa ua Metaana. Ecau saek-
V=g } TPOH HAXOAUTCA OT MNOBEPXHO-
CTH METanna HA PacCTOSHUY,

=0 BocTaToudo GoasliioM O Cpas-

HEHHIO C PACCTOMHUAMHE MEKAY

AOHAMH DPElIeTKH, TO JACHCT-

:
1
i
',1 ] g)  BYIOHLYIO HA HETO CRIY MOXHO
o, . . . | BLIYHCJAHTD, €C 14 OTBJEULCH
o / OT aTOMHOH CTPYKTYpPH MeTal-
- MEHHTb €r0 0AHOpOI-
Puc. 95 K olpeledesulo BHYTPEHHEro noten- 14 W 3aMe AHOPOAL
{313 PElIeTKH, HOR, XOpOowWo  #poBoAdLIcH

A — PACNOAOMKEHHE HOHOR B oZnoll M3 ATOMHLIE NAOCKO= CpEIIOH. Kak n3BeCTHO H3 31€K-

eTeft MeTARAMTECKOro KpMCTaanz (CxewMaTHYecKd); § — TPOCTATHKH, AN MNAQCKOH

pacrnpexejesue MovTeHUWANZ B810Ap auumrd AP, napans-
neasHON oZHOM W3 ATONHBIX LENQoYeE, B IIPejHo.lowe- NOBEPXHOCTH METANAA B ITOM

o TETeminel MISTIA XNSTLMS WOUUUO  Cayuae cuny, AEHCTRYiowy

s10ab AB. HA SAEKTPOH €O CTOPOHM

3apANOB, HABENEHHHWX  Ha

METaJa€, MOKHO 33aMEHUTB CHAOH NMPHTAKEHHS SJEKTPOHA €ro <3CPKAJb-

HHIM H300paKEHHEM», T. €. TOYEUHLIM [ONGIKUTENLHHIM 3aPAA0M, PIABHEIM

M0 BEARUHHC 33PALY SAEKTPOHZ H PACHOJOKEHHBIM CHMMETPHYHO €My
OTHOCUTEALHO NOBEPXHOCTH MeTanja. Jt1a cuiaa

e!

Fimz—_l? (12.5)

HA3BIBAETCA CUJAOH H3OOpaKEHHS.

OuenngHo, YTO NPEANOACKEHHE 08 OJHOPOAHOCTH METansa, MOJOMEH-
HOE B OCHOBY BHLIYHCACHHA CHAR UW300PaXEHNR, [1e1aeTCH COBEepPLUEHHO
HETIPATOARKIN, €CANd BMEKTPOB HaxoauTcs BGAau3M Meranna. llosepxHocTe
METaANd, €CaM €€ PAacCMATPHBAaTh ¢ PAaCCTOAHUE <«aTOMHOH» BEAHYHHLL,
npeacrasaser coO0R BepXHAH BOHHMA CAOH pelleTKU MeTalka, TIOrpyKeH-
HOlE B CKOIVIEHHE 3ACKTPOHOB, YaCTbIO CTPEMAINKUXCA BHACTETL H3 METanha,
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HO He 00/alariliKMX B0CTATOUHOH AAS 3TOro HEprucit M BO3BPALLAIOMIMNCH
nazaf., TakuM o6pasoM, AJ YYacTKa NYTH 3JE€KTPOHE, Jekamero BOAN3HA
MOBEPXHOCTH METaNJia, HHKAK Heab3s CUNTaTh TMOBEPXHOCTH METanna
CHHOPOJHOHR.

Bolan npeanoxeHsl pasHue Ccnocobel ympomerus CaokHOR 3aaaun
BHIUUCAEHHS CUABL, AeACTBYIOIWLEH HA 3NEKTPOH B «OnuwxHeR zones. OAKH U3
TAKUX YIIPOIEHHB X CNOCO00B COCTOUT B CAEAYOILEM: BOM3H MOBEPXHOCTH
METalna CYWECTByeT oONaKO 3ABKTPOHOB, TaK (KasaTh, «3JEKIpPOHHan
aTMOC()Epa» BHE METAMJIa B HENOCpeACTBEHHOH 0AW30CTH K €ero nosepx-
HOCTH. YTIpouiag 327auy, MOXHO 33MEHHTHL 3ACKTPOHHOE 00/12K0 BMECTE

a8 ) ®
&l g gge ie
d 9./39 ¢ @ 3
= o 54
- 280 -~~~ — &
e

2 ed9gboe

o
-,

» [z}

z\
Puc. 96. K BRYACICHHI0 BHCOTH 11OBEPXHOCTHOro fapnepa.

C MOBEPXHOCTHHIM CJIOEM HOHOB PElIeTKH ABOHHLIM 3JCKTPUYECKHM CHOEeM,
HMEIOMM  TOJMILAHY TNOPAJKa pacCTOfHHS MEAAY HMOHEMH  PELIETKH
(puc. 96).

JonycTuM, 4To, HAYHHAA C PACCTOAHHE X, CYUTas OT BEPXHErc CJOA
HOHOR, CUAa, JeHCTBYIOIAs HAa /MEKTPOH, YKE DaBHAETCH Ccuae Hsobpa-
Weuusd. JIONYCTHM. TaKKe, YUTO CHAA, COXPaHSIOWAs BHYTPH CAOS NOCTOAH-
HOe 3HayeHne, Ha ero rpaHuue 6e3 CKauka NepexondT B CUAy usobpa-
#enna, Torjga X, O6yieT pasBHO TodllMHe ABOHHOrO CAOR © CRAA NPK
X =Xy, @ 3HAUHT, U Be€3J€e BHYTPU MBOHHOIO C/0% OyneT

es

Fo=— 12,

n 4xav (1 5)
Pa6GoTta, cosepniaeMas 3/EKTPOHOM NPOTHB CHJA MO/
W,= Wﬂ + Wim'
rie W, — paGora npn aswkeHuy ckBoss nsofinoft caod w W, — paBorta
B obnacta cua uzoBpawenusn, Vicnoavsys dopuyam (12.5) u (12.6),
10AY YAM: x o . .
2

W,.—e =g._e_d i‘_"':_ =E__LE_£_ ~

a ©, T x + 4xﬂdx 17, . (127
¢

. f 4.)."0 - ?Xo
0 X
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Pa6oty W,, papHyie BBeICOTE NOBEPXHOCTHOTQ 6apbepa, BHPAXKEHHOM
B €AWHAUAX 3SHEPrEH (3MEeKTPOHOBOABTAX), HA3LBAOT roAHCOH pabGoTolt
BLIXO/4.

B namwem BwBoae mupuHa «Oauxuell 30HB» X; 0CTanace Heonpene-
AenHoll, XOTA MOXKHO [yMaTh, YTO OHA PaBHA HEMHOrUM PACCTOSHUAM
MEexNy uWoHaMH pewertkd. Ho X, MoxHO haiiTH, W3MepHs BHYTpPeHHMA no-
TeHnuan pewetkn ¢, = W, /e. Tlorenunan g, snepsuie ObA HalilH v3
ONBITOB MO AHPPAKUAKM IACKTPOHOSB.

OnHUM H3 MEepBHX MO BpeMeHd K HanGonee HAarAAIHHY AOKA33ATEALCTS
CYILECTBOBAHUA BOJHOBHX CBO#CTB 3/4eKTPOHa OblN0 BO3ZHHKHOBEHHE AM-
PAKUHOHHOH KAPTHHH, aHaaoryuynoll audpaxuvodHol KapTane, noaydyaeMoi
ANS DEHTrEHOBCKAX JAy4Yell NPH OTPAKEHHH 3JCKTPOHOB OT KPUCTAaNIa
WAH [IPH NPOXOXKACHWH HX Yepes TOHK#HE MEeTAMIUYeCKHe naenkd. B na-
CTOAIMEE BPEMA YK€ CAOWUAACH nenas 00AACTh TEXHUUECKOH PHIHKH —
SASKTPOHOrpadmsa, H3Y4awmas CTPOCHUEe KPHCTANNMYECKAX TEN MEeTOoOM
Habmonenun Judpakidd 3AeKTpoHOr, OnHTH N0 ANPPAKNHN 3JEKTPOHOB
ONHCHBALTCE B Kypce dmsmka [J1 A. 1, 1. 2, ra. 16; JL A 2, 1. 3,
ra 28).

Jlerko nowars, uto BrA ANppakuMOHHOH KapTUHH OYAET 3aBHCETH OT
BHYTDEHHEr ¢ MOTCHUMANA MeTanad. [lauHa BO/JABW MEAACHHHIX 3AEKTPGHOB
BHE METaNa2

" h o
mu - T Y mrl !

rne {J — nanpaxenne, yckopaomee 3JAeKTPOHH, NHONAAAIOWEME HA HCC/e-
ayembit OGBEKT, HANDHMED MOHOKpHCTanad Metanna. Ecau  BHyTpenHui
NOTEHIMA METaNJa PABeH @,, TO BHYIPM Me€Taljla CKQPOCTh 3JEKTPOHOB
Gyner GoJblie u ANWHA BOJHBL Ay, Gyser

¥,
}‘. — o . 2.
Y 2em (U 90 (129)

[Tonokenre ARPPAKUMOHHNX MAKCHMYMOB M MHUHAMYMOB 3aBHCHT OT
CODTHOMMEHHS MEKIY AJAMHON BOAHM B KPHCTAMNE A, U MEKILY ATOMHHMY
PACCTOAHHAMH, VHHMH CJAOBAMM, HH(PPAKIUKOHHAA KapTHHA 3ABUCHT OT @,
JT1a 3aBHCAMOCTL BrOJHE MoOXeT OWTh oGHapyxeHa Ha onwmte. Mepoit
TOr0, HaCKOJABKO BAHSIET BHYTPEHHHH# MOTEHHMA/, ABJISETCH OTHOLIEHHE

P—_-i=]/1+i@, (12.10)

Ao

(12.8)

KOTODOE MOXHO Ha3BATh <«(0Ka3aTeneM INPEJOM/IEHHA> S/ACKTDOHHBIX
BOJIH.

MUz (12.10) enauo, 410 Op# YCKOpsouwX Hanpsaxenuax 100—200 6
6YAET HAa HECKOALKO COTHX OTAUYATLCA OT EJHHHWLM, TiK KaK @, Kak
0Ka3anoch, ANS METaNI0B AexuT 8 npeseaax 3,5-:- 18 e,



§ 12] SAEKTPOHN B METANNAX W MOAYNPOBOIHNKAX 167

He ocTanasauBasCb HA ONHCAHHWW UPAKTUYECKOH CTOPOHM Meroaa
onpeaenenHs ¢, H3 HaGaoaenus AupPIKIKH 3AEKTPOHOR ¥), OTMETHM, UTO
0 pPasHHM [PUYRAAM (HECOBEDILEHCTBO TEOPWH, 3KCIEPHMEHTAJbHLIE
TPYIHOCTH) 3TOT METOA HE N3ET TOURHIX PE3YALTATOB, HO TEM HE MEHEe
oH HmeeT OOMLILCE 3HAYEHWE KaK CAMHCTBEHHSIH NPAMOR Cnocol uamepe-
HHs BHYTPEHHErQ NOTEHNHAJa KPHCTANAHYECKOH peuieTKy.

[TpuBeaeM HEKOTODHIE PE3yAbLTATH K3MepeHud ¢ . Nir 14-:-17 6, Zn:
15,5 8, cepefpo: 13 =~ 156. 3T LuPpR XOPOILO COrAACYIOTCA CO IHAYE-
HASMH §,, KOTOPHIX CJIeAYeT OXHKAATh HA OCHOBAHHH TEOPETHYECKHX pac-
4eTO8 W M3MCPEHUH 3ACKTPOHHOH 3MHCCAM,

Hanmenpillee 3HaueHune ¢, NOJAy4yaeTcs A% MIETOYHWX METaAlI0B: Ha-
npuMep, ANA UC3HU 9,—3.4 8. Ionaras » (12.7) W,=3,4 98, noay-
an x,==0,25A; npn W, =17 38 x,—1.25 A.

M3 smeoza gopmyant (12.7) cneayer, uTo 10 pacCTOSHHUA X, OT BEpX-
Hero €04 HOHOB BHCOT3 TOTEHDHANLHOTO Oapbepa pacTerT AHHEKHO
(puc. 97, aunua Oac). B nei- W
CTBMTEIbHOCTH CHNA HE OCTAET-
cq4 MNOCTOAHHOH, a YBEINYH-
BAETCH, HAYHMHaA OT HYJH, M
ucrutuas  ¢Qopma  Gapnepa
Gauska K kpuso#t Obed. Pop-

Ma Gapbepa UMEET CYWUIECTBEH-
HOE 3HAUEHWe MDY OTPAKEHuM 2
OT HEr¢ 3AEKTPOHOB B NpO-
HEeCcCe SASKTPOHHOH 3MECCHH.

M3 Toro chakra, uTO npH

HUBKHX TeMNepaTypax TepPMOo-

3JIEKTPOHHAs SMUCCHA NajacT ) -

10 HENBMEPUMO Manok Benuun-

HHl, CJeayeT CAENaTh BHBOI, . Puc, 97. $opma noteHuuasnroro Gapbepa:
UcTUHHAA  ¢opMa — (bed, Yy RpoilleHHan

9Te AJ9 BCEX METAMIOB M0J-
Haa padoTa BHXONA 3HAuUMN-
Teasro  GoJbliIe * rpaHnuHOH
shepran depmu W, 210 uamocrpupyercs sesofi uacteo puc. 98, rae
Bacnpousseena Kpusaa F(W) pacnpenaeneyns SneKTPOHOB MO SHEPTHAM
npu T % 0°K. 3Suepruefi, 0ocTaTtoyHol A8 3MACCHR, 00JaNalOT TOALKO
SACKTPOHEL, YHC/IO KOTODHX H300paMacTcs NAOUIAALI0 KPHBOH pacnpeie-
aenus Buwe yposra W, (sawTpuxoBaHuuit ydactox)., Taxux saektpoHos
OyaeT HHYTOAHO MAJA0O NpPH AOCTATOMHO OO0ALLIOM 3HAYEHHH DA3HOCTH
(W, — W) n ne ouenp Beicokol Temuepatype. Beanunna

*=W, — W, (12.11)

¢opma — Oacd.

PaBHad HaUMEHbIIER SHEPrHH, KOTOPYIo HYMKHO coOOuITL 27eKTPOHaM,
HMEILAM MaKkcumaabHble cxopoctn npu 7 = 0°K, aas toro, uro6m onu

*) [lo 3tomy sonpocy cu. [JI. A. 3, ra. X, § 135 uaw mompoGmee J. A, 20].
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MOT.IM  [IPEOAOJeTh TNOBEPXHOCTHHIR Gapeep, Ha3HBAETCa 3PP THBHON
paloTo#l BEIXOA2 maw npocTo paloTol BHXoZa. 2DTO HA3BAHKE CBA3AHO
C TOH POJBIO, KOTOPYIe UrpaeT BeauddHa P B 3aK0HaX 3 TEKTPOHHOA IMHCCHY,

B neMmeranIvuyecKHX KPHCTaATaX IJIEKTPOHB [POBOAHMOCTH TaKWKe
CBSA3AHB € KPHCTARMNUECKOR pelmeTkod ¥ He MOryT Builita Hapyxy Gea

'] T

Puc. 98. ComocraBieHHe nNOTeHNMaAbHOro Oapbepa
C KpHBOfl paclipeneneHHA MEeKTPOHOB TG 3HEprua,

3aTpare  9Heprun. OAHAKO YNPOUCHHHH CNOCO0 BHYUCIEHMA BBICOTH
NOBEPXHOCTHOrQ MOTEHNHAABHOro Oaphepa K HuWM HenpuMmeuuM. Bucora
MOBEPXHOCTHOTO Hapbepa HEMETAANHUECKOrO KPHLTaAA2, Kak d OAa Me-
TaJAd, paBHA Pa3HOCTH SHEPruil NOKOALLErocd 3/]eKTPOHA BHE KPHCTAAdAa
W MOKOALLEroCs SAEKTPOHa BHYTPY KPHCTaAna, T. €. 3JEKTPOHE, HAXoas-
IIErocs HA HHKHEM YPOBHE 30HH NPOBOABMOCTH. 2Ta BEJAHYHHA, HA3HIBA-
eMasn puemwHed padoToff BHXOA3, oTMeweHa ua puc. 94. Teopernuecks
paeHOw PaboTy BHXOAA YAANOGCH NPUOJHKEHHO BRIYHCIUTE A HOHHBIX
kpuctaanroe (NaCl, BaO, ZnO u 1. a) [JI. 9.5; J1 6.19, ra. 3] Hurxe
Oye€T TOKA33aHO, YTO €€ MOWKHO ONPEACANTb IKCNEPHMEHRTANBHO, CONOCTAB-
Aas  Pe3yAbTaTh . UsMeEpeHui!l  (QOTOSACKTPOHHON K TEPMOIJIEKTPOHHOH
SMUCCHH M 3aBUCHMOCTH 3/IKTPONPOBOAHOCTA OT TEMUEPATYPhl,

§ 13. InekTPONpOBOTHOCTE METANICE W NOJYIPOBOXHHKOS.
KoHuTaxTHas pa3suocTh HOTEHUHANOR

1. KonuenTpauua SnexTpoHOR H 3JEeKTPONPOBOAHOCThE METAAAOR.
MeranavuecKHK KpHCTana Moxpo ceb6e TpenacTaBuTh B BHIE <ITOTCHLA-
AABHOTO AIMKE», 3aN0JHEHHOro CBODOAHMMHK anekTpoBaMi. lloaoxuTeas-
HuHH 3apAA HOHOB DEIISTKH B 3TOM NPEACTaBACHHH Kak OW  «pasMasan»



hY
§ 13] JEKTPOMNPOBOIHOCTE METAMJIOR ®W T0JAYNPOBOIHHKOR 169

PaBHOMEPHO MO BCEMY OOBEMY, H €r0 pOih CBOAMTCA K HERTpand3aluy
O6ULEro 3apsia 3aeKTpoHoB. HeTpyaHO OueHHTE KOHUEHTPALMIO 3AEKTPO-
HOB B MeTane.

MzsectHo, u4To MeTaansl NEPROH Fpynmel (e Jo4Hne) UMEeKT OfHH
cnaGo ceazaddbifl BANEHTHHH 3NEKTPOH, METAaNA W BTOPOH rpynns -— nea
¢n1ab0 CBAZAHHBIX SJEKTPOHA W T. A (CM. Ta0JHIY HOHH3AUWOBHHX MOTEH-
uiaaos B § V1) EcTecTeeHHO NpeannoNoKuTh, YTO <3AEKTPOHHBIH raz»
B MeTajaae oGpasyoT HMEHHO 3TH C1abo cBu3aHHME 3JeKTpoHH. Toraa
KOAIWYECTBO CBOOOMHMX 2AEKTPOHOB Z Ha OAMH 4TOM MeTajldaa Oyaer
paBHO 1 AJR MeTannop nepsod rpymnnw # 2 448 BTOpofh. Ilas oCTanmrbx
MeTa/LIOB Z MOkeT OHTh u 6oastue ABYX. 3TO OPHEOAMT K CAEAYIOWIEMY
Bblpﬂ'd\'EH[le aAan KOHH.EHTPE{LLHH C¢BOGOIRHLIX BHEKTPOHOB:

=L,

(13.1)
rae Ny —uucao Asoraipo, 8 — niaoTHocTs 1 M — atomuub sec. [lox-
cuet 1o dopmyse (13.1) naer 3nauenns 2 nopagka 10% — 109 1/cad.
[Ipy TaKUX KOHUEHTPAUUAX 3NEKTPOHNBIA ras BHPOKAEH M OH OCTaercs
BLIPOAIEHHLIM NPH AIOOHX NPAKTHYECKH AOCTYMHHX Temmepatypax. ®op-
MyJAb KBaHTOBOM CTAaTHUCTUKE, CRPaBEJINBHE JUIA BHPOAIEHHOTO Fasa,
paccmotpenss B § IV,

C TOUKH SpEHHA 3AECKTPOHHOW TEOPHH 3JEKTPHYECKHHE TOK TpeacTas-
AseT coG0H HallpapjieHHOE ABHKEHHE CBOGOAHMX 3MEKTPOHOB OTHOCH-
TeAbHO KPHCTAMIMYECKOH pelneTkn metanna, IToab3ysnch NMpeacTaBaACHHEM
06 3JMEKTPOHE KAaK YaCTUIE M HE YUMUTHBAS €r0 BOJHOBHIX CBOHCTE AAd
SNCKTPONPOBORHOCTH 8, W3 JEMEHTAPHBIX COOBpaeHUH JErko NOJayudih
[l A I, 1.2, ta 5 JL A2 1.4 ra, 16]

' (13.2)

31ech h — CBOOOIHHHA NpoBer 3AeKTPoHa, T — erQ Temnesas# CKOPOCTh:
a yepTofl cBepxy o003naueHO CpeaHee 3HaueHue BesduuH. B cayuae Boi-
PoWJEHUA DJNEKTPpoHBOro raza (§ IV)

T\_8 1., _ &
('U)"_ 29,0 T m ’\Sr:f ’
OTKy A4
ed /3m 2
a:?nzkg—:‘;}! - (13.3)

31a Qopmyna oTaKHYAETCA OT GOPMYAB §0Jce TOUHOH TEOPHW TOABKO
YHCACHHHM KOdthduunesToM: B Oojee ToYHoH popMyne BMecTO 2
crout 8/3,

Ecan B (13.2) paste n nopaaka 10% 1/cu?, To mas A moayunrcs
BEAHYNHA, H3MEPNCMan COTHAMM MEMAYaTOMHBX PacCTOSHMH, Jr1a Bead-
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YUHA MPEACTABAACTCH CAHWKOM Ooablo#t, #, kpome Toro, (opmyna (13.3)
He A4eT NPaBHABHOH 33aBHCHMOCTH & OT Temneparypue. Kak namsectHo, nna
METAIOB ¢ 3IMETHO YMEHbINAETCA ¢ Temnepatypol, a B gopmyae (13.3)

cpenduit npoGer A, €cAH HCXOAUTL M3 KOPNYCKYAIPHOH KADTHHBI ABH#KE-
HUE 3SNEKTPOHOB, AOGMKEH MAJA0 33BMCETb OT TEMNEPATYDh, TiK K€ KaK
¥ 2, KOTOPOS TOJBKC OYEHb HEBHAUKHTENbHO H3IMEHAETCS 32 CUET 3JIeK-
TPOHOB, MEPEXOOAUMX B 30HY MNPOBOAUMOCTH M3 3afQJHEHHOR 30HH.
Taxkum oBpasoM, ONONEHHOE B OCHOBY TEOPWH MPEACTaBIEHHWE O COyAape-
HAAX YACKTPOHOB-YACTHIL € ATOMAaMH DPEWETKH [PUBOAUT B OTHOLIEHMH
TeMIEPaTypHOR 33BUCHMOCTH 3JEKTPONPOROAHOCTH K HEBEPHBIM BHBOIAM.
KopnyckyadpHan KapTHHA HE [aeT MPAaBHJABLHOrO MPeicTanideHusi 0 B3aHMO-
neftCTBUM SAEKTPOHHOMO Tasa U KPHCTAMAMUECKOH! pelleTkH, u HEOBX0aHMO
NCCAEOBATh B3aUMOAERCTBHE PEWETKH U 3JEKTPOHHLIX BOJH.

UccaenoBanne pPacnpocTPaHenus 3/JeKTPOHHNX BOJH B PCIIETKE NPH-
BOAUT K CAEIYIOUIMM BHBOAAM: B WIEAJBHOM KPHCTAMIC NIpu abBCOATHOM
HyMe, T. € 7IPH OTCYTCTBHM TEOAOBHX KOAeOaHUH aTOMOB, 3JEKTPOHHBIE
BOJIHK PACTPOCTPannoTed 6Ge3 paccesHdsn, 4TO COOTBETCTBYET BeCKOHe4HOo
6oabwol npoeoauMocTH. Ilpn 7, oTaMuyHOM OT Hy.d, nogBagerca pacces-
HHE, KOTOPOE pPACTET ¢ TEMREPATYPOMH, YTO COOTBETCTBYET POCTY YiAedb-
HOrO COMPOTHBJAEHUA. Kpome ToOro, CONPOTUBACHUE YBENHUMBAETCA TNPH
BCAKHX MCKAXEHHAX DELIETKH, HAMPUMEP RPW BKAIOYEHHH B HEE [pUME-
CHHIX 3TOMOB.

2. KoHuesTpauua 3AeKTPOHOB H XbIPOK B NOAYIPOBOAHHKAX.

Kowuedrpaunio ¢BoOOIHLIX 3NEKTPOHOB W PAaBHYI0 € KOHUEHTPALHUIO
AHPOK B COOCTBEHHOM NMOAYNPOBOAHHKE MOKHO C LOCTATOUHOH A9 OpueH-
THPOBOYHBIX PacyeTOB TOMHOCTBIO BHPA3WTh (PopMyaolt

mpT)s Qe _ % _
(2::m:3?') 3 e 2kT;.-q.§5- 1015 . Tﬁ;ge 2kr‘ (13_})

B tounyic ¢opMyny BMecTo MacCH CBOOQAHOTMO 3AE€KTPOHE M BXOAMT
TAK HasuBaeMas pPekTuBHAL MACCA SJEKTPORA (MAM  AWPKH), © NOKA-
3aTeAb CTENEHH SKCNOHEHUHANbHOIO MHOKHIEAR HECKOABKO OT/IHYACICH
ot Qo‘flgk 7.

3 (13.4) crenyer, uro, HANPHMEP, B TePMAHUM [PU KOMHATHOH TEM-
neparype #; == 2,6 - 10" 1/ca?, a 8 xpemnun n;=~=1,2. 10" 1/cu, Ilpu
TAaKHX KOHIUEHTPAUAX 3JEKTPONPOBOAHOCTE JOJAXKHA OBTh QuY€Hb MaJja,
Hsuxcenne sJMeKTpOHa B KPUCTAAAE TIPOMCXOAMT MO/ ACHCTBHEM BHEIUHErO
oA ¥ TIPOCTPAHCTBEHHO-TICPHOAHUYCCKOTO MOAA PELIeTKH, HO NMPH BBIYHC-
JCHUH CPERHHX CKOPOCTEH H YCKOPEHHH 3JEKTpOoHa OKa3bBacTcd npH
H3BECTHHX YCAOBHAX BO3MOWHHM HE€ NPHHAMATE BO BHHMAHUE UTEPHOAH-
YECKOE [10/1€, 3aMEHMB MACCY SACKTPOHA 4Yepes 3(PeKTHBHYIO Maccy, Ko-
Topass B 30HHOH Teopud, TakpM OGpPa3oM, YUYHTHIBACT TOJAE DEHIeTKH.
Beeaenne sdipexTusHOR MacCH 4ypesBmiuadiHO yrpowaer TeopHio. [lpu
H3AOMEHHH 30HHORA TEOpUW TEBEpPAOTO Teaa suie Ona usbpan apyroH
NyTh, KOTOpHH# 00J1ce NpPOCTO NPUBOAKUA K BHIACHEHHIO GCHOBHHIX MNpEX-
CTABREHHM ITOR TEOpHH, HQ HA ITOM MYTH MH HE paccMaTpuBany ABH-
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KeHue SACKTIPOHa B PEIleTKe W HE MOrAH npulTH k noustaie shdexrrs-
Ho# Macchl 3AeKTpoHa. B opuenTnpomouHmX nopcyerax gacto 3hdekTHB-
HEIE MacCH 3JeKTPOHZ H ABPKH CYHMTAOT PABHBIMA Macce CBOGOAHOrO
snexTpoHa. [lo stomy Bonpocy cm., nampumep, [JI. 9.1, ra. IV]; Tam xke
BeiBOA doprmyan (13.4).

ITpumeHseMue Ha [pPIKTUKE TNOAYNPOBOAHHKA — OoJbed YacThio
NPHMECHBIE, € SCHO BEIPAWKEeHHLIM MpecGJafaHHeM OJIHOTO M3 ABYX THMOB
H]JOBO,L[HMOCTH.

HafineM KOHUEHTPAuMio SMEKTPOHOB IS8 NMPHUMECHOTO 3JEKTPOHHOrO
NoAYTPOBONHHKA. JHEPreTHUeCKUH CNeKTP 3JEKTPOHHOrO NPOBOIHHKA OB
paoGpaxen Ha puc. 94, Bce ypoBHH H2 BeM OTCUMTAHB OT ORHOTO OGWIErO
HYJIEBOTO YPOBHA, 6€3pasnuuno Kakoro, W yposenb depwmn W, nokasaw,
KaKk 3TO B LEHCTRUTENBHOCTH U OuIBAET, MEXAY NOPUMECHHIMH YPOBHAMH
nosopos W, u fHOM 30HH nposoAnMOCTH. Byzem cuntarts, uto @y > @
W uTO Temnepatypa T HEe OvYeHb BENHKA, TaK 4TO B 30HY HPOBOANMOCTH
3N€KTPOHH TMONJAAIT TOABKD € NPUMECHHX ypoBue#, Yucao 3aekTpoHOB
na yposie W, B 1 ca® 50JyNpoBOAHAKA OGOIHAUMM uEPE3 21, — BTO
yHCAQ BAJEHTHHIX, Ca00 CBA3AHHHX C aTOMaMU-IOHODPaMH 3ASKTPOHOB.
TTpuMeRuM K 3/EKTPpOHAM B NOJYIPOBOAHKKE (POPMYJIRL CTATUCTHKH Depmy,
He YyuuThiBas, Kak u B dopmyne (13.4), pazanuna mMexxy Mmaccoft csoboi-
HOTO 3ACKTpOHA B 3ddexTnadoll mMaccod,

KoaH4eCTBO 51EKTPOHORB, AMEIOLMK CAAraiollkE CKOPOCTA 8 Ipelenax

v+ (v, -dv); v, (v, dv) v, (v, do,)
(cu. (IV, 27)), moxHO 33annucaTs B suae (ans ob6pveMa V—1)

du,doydu,

n’axvy-az - _hZT W—w, 1" (13.5)
w [ 4 exp [-—w—ik?. ]
dv,dvyio,

dopmyna {13.5) umeer caeayrommit cMbicaT 2

ASmi PaBHO obueMy

YUCAY SUEEK B SAEMEHTE GObeMa NPOCTPaHCTBR CKOPOCTEH, yBEAHUUERHOMY
BABOE AN yuera cnuda anexTpoHa. [lpw temnepatrype T=0°K Bce st
fiUEHKH 3aHATH ¥ YABOEHHOE YACAQ fYeeK PAaBHO 4HACAY 3JAeKTpoHos. Bee
Bupaxeune (13.5) naer 9ucno 3aHATHX AYeeK B 3JeMeHTe 00bema
(dv,dv,dv,) NPOCTPAHCTBA CKOPOCTEH HAH, YTO TO W€ CAMOE, YUCAO
' W—w, ]\~
SNEKTPOHOB, W, BHAYHT, MHONUTENb (1 - exp [_kTJ']) eCcTh Bepo-
ATHOCTb A% JCKTPOHA npw Temneparype 7 obnazate aneprueh W.
Curtas, yto W, — Wf Gonbmie 27 HACTONABLKO, YTO €MHHHIEH B 3Ha-

MeHateae BoipaweHus (13.3) MOXHO npeHefpeus, NONVUNM:
2m? W—w
= [—- “T‘L] dv,dodo,, (13.6)

mos
rae W= _2_)‘ A W —nosnas 3Heprus sAEKTPOHA B 30HE NPOBOIAMOCTH.
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Paanoere (W-— W,) MOXHO (peaCTasHTL B BHMIQ
(W—W)=(W— W)+ (W, — W)= %"_ 4 (W, — W), (13.7)

Tak Kak (W — W,) npeacrasiser o600 KAHETHHECKYIO SHEPrHIO /K-
TPOHA, HAXOOAMErQOCA B 30HE MPOBOAHUMOCTH, IHO KOTOPOH HAXOAMTCA Ha
yposHe W,.

Ho ecas naotHocTh npumecHux atomos Heeeauka W (W, — W) > 2T,
TO B 30HE NPOBOAWMOCTH NJOTHOCTh 2AEKTPOHOB OyneT Magaa ¥ pacnpe-
AETEHVE CKOPOCTEH SJEKTPOHOB MOWKET OblThb BHPAKESHO TaKAE (POPMYIoH
KJACCHUCCKOH  CTATHCTHKH, Ccojepxaumieh  KOHUEHTPAUMIO 2AEKTPOHOB
B noaoce npoeoanMoctH n; (§ i)

3

o m a7 mo*y , .

d”vﬂyv; =", !\%TT ; exp [— ffa‘;ﬁ] duo,dodv,. (13.8)

Cpasnusan dopmyan (13.6) n (13.8) m npunumaa so Buumanske (13.7),
NOAYYHM:

3 . 3

_om® (2mkT\T W, — Ws] 2 5 W, — W,

ne ="z (“_ﬂm ) e)ip [—kT ] =73 (2xmRkT)? exp (— BT ].

' (13.9a)

JT1a ¢GopMyna CrNpaseiAKBa AOAA BCRKOIC NPHMECHOTO 3/JEKTPOHHOTD
DOAYNPOBOAHHKZ TIPH HE CAMMWIKOM BHICOKOH Temnepatype (ycaosue
W, — W, > kT).

KoHneHTpauud ABPOK MOXKHO BBMHCAHTbL AHANOMHYHBIM CHOCOGOM.
[IpuHuMan BO BHAMaHHe, YTQ pPa3HOCTL FHEPrHA Ha ypopHe depun H Ha
<MOTOJKE» 32MONHEHHOA 30HH pasna W, — W,, B ¢opvyae (13.9a) nano
BMecto W, — W, noacrasuts 5Ty eeauuuHy. Jlng KOHLEHTPaUW¥ AHPOK
TOAY Y¥M:

3 w,-w,

p, — % @QrmeT) e (13.96)

NPAUEM MacCa HBIPKM, KaK W MacCca 3JCKTpOHa mposoaumocTa B (13.9a),
nNpaHATa PaBHOH Macce cBOOOJHOTO AEKTPOHA.

Mz (13.82) wu (13,96), orépacwsas HUHAEKCH < d v, T. € 33MEHAA
n, v p, Yepe3 n u p, noayuum, yuurwmsas, uro W, — W, = Qy

2 g S,
np:{F{Qﬁka) e 2kr}=n,-. (13.10)

[Tpon3Benesne KOHUSHTPAUWE AWPOK W 3AEKTPOHOR B MOAYTPOBOAHAKE
OCTACTCA TMOCTOSHHHM MpH 3aaaHHOR TeMneparype. MHHIMR CJOBaMn, BC#-
KOE YBE/JHYCHHE KOHUEHTPAUHH IINEKTPOHOB (HanpHWEp, NyTeM BBEACHUS
HOBHIX NPAMECHBIX AOHOPHBIX aTOMOB) BJAEYET 33 COOOH YyMEHbUIEHHE KOH-
HeRTPaUNUNA ANPOK, W HAOCOOPOT.

Hywxno rteneps B dopmyty (13.8) suectr ewpaweune aan W, coot-
BETCTBYIOHICE 3HEPreTHYECKOMY CHEKTDY NOAYTNpososnuka fcm. puc. 94).
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Fcan ofuwee 4HCAO BANEHTHWX SAEKTPOHOB Ha npumecHoM yposne W,
npH 0°K paeHO 7, TO npH TeMneparype 7 32 BHIUETOM 71, SACKTPOHOR,
nepellelUUX B TOJOCY MPOBOAKWMOCTA, Ra yposHe W, octanerca

Tty
n, = — n =ty — M,
W, — W J
[ P
_ Wy— W, !
3AeKTPOHOB, T3K Kak |1 —-exp 5T DaBHO BEPOATHOCTH IR
37eKTPOHa nipa TeMmneparype [ nMeth anepruio W, Otciona
] Wy— W
n,—n |l — WL A M €Xp . (13.11)
l-i—exl)lw" Wf] , kT
kT
BupaxenueM (13,11} MOKHO 10AL30BATECA MPU YCNOBHH, UTO
Wy— W,
exp[—f———-mkr ]> 1.
Boaspawasck K dopmyne (13.9a), noayuum:
9 3 ¥ ¥ Ya _ %y
i 2rmiT)? e*l e * —peil e *I,
3
_ WaWe T @rmeT)?
Ilna He OyeHb BHICOKHX TEMIepaTyp, Kak cagayer u3 (13.12);
APLLE LR (13.13)

T. €. yposeHb PepMy UPVMECHOFO 9JEKTPOHHOTO TOJAYNPOBOAHHKA JEKKT
NPHMEPHO NOCEPEANHE MEXKAY YPOBHEM DPHMECH ®W HUwHeH rparnuett
noaocH mnposoaumocTd, HO, B oTAMNME OT MeTanaoB, yposess QepMmu
TIOAYNPOBOOHAKA 3aMETBO MeHseTcs ¢ Temneparypol (cm, § IV), B co6-
CTAEHHOM TOAYNDOBOAHUKE, TAK € KAK M B NPUMECHOM 2JIEKTPOHHOM
NOAYNPOROAHHKE, ypoBeHb (PepMu nexuT npubIKINTENRHO TNOCepeauHe
MEXAY HUXHHRM YDOBHEM 30HHI NPOBOABMOCTH H BEPXHHM YDOBHEM, 3a-
NOAHEHHHM 3NEKTPOHAMH, T. €. BEPXHHM YPOBHEM 3ar0/HEHHOR 30HHL
Yposenb depMu JIEKAT, CALNOBATEALHO, NPHONHINTEALHO [OCEDENHHE
3aNpeuIEHHOR 30Hbl, KAK 2TD OTMEYEHO Ha puc. 88 *),
dopmyna (13.9a) nocne npocTHX MpeoGpasoBaHmi NPHHUMAET BHA

1 3 Q
=Y 2T @umT)? BT, (13.14)

*) 370 chei1yeT W3 TOrO, YTO B COGCTBEHHMX NOJYNPOBOIHAKAX KOHIEHTPALKHU
97eKTPOHOB M xmpok paeen. [lpupasuusas n, n p, (Popm. 1392 u 13.96),

W. 4 W .

noayuam W;= > .



174 SJAEKTPOHHAS SMHCCHA frn 2

rie Q=W, — W,-— 3Hepras HOHUIAUBK NPAMECHHX TOHODHHIX aTOMOB.
Kak ywxe yKasuBaAOCh, JAOUYILEHHS, JOAOKEHHNE B OCHOBY BBIBOJIA
¢opmyan (13.14), nepecrtawr BRNOAHSTLCH NpM TOBHILIEHUH TEMNEPaA-
Typel ¥ opmyaa (13.14) nenaercs nesepuoit, B npeneanHoMm cayuze,
np4 JOCTATOUHO BHICOKOH TeMrneparype, BCE AOHOPHLIE aTOMB HOHH3M-
PYIOTCA BCAEACTBUE CHIABHOIQ TEMJOBOTO ARBHKEHHA B pelIETKe, ¥ TOr1a
n, OyAeT PaBHO K.

B swBoge c¢opuyas (13.14) Oba0 NPHHATO, YTO MEKTPOHH BCEX
NPUMECHHIX aTOMOB HaXOHATCH Ha OJHOM H TOM € YPOBHE, HHBIMH CMO-
BaMH, NPUMECHBIE YPOBHH He o6pasyioT 30HY. 3TO CNPaBEIAKBO, ECAH HE
MEPEKPHBAIOTCH BOJHOBHE (PYHKIMA NPHMECHBIX 3SAEKTPOHOB, T. €. eC/d
KOHIIEHTpauKa npumeceit nepenuka. B cayvae Hapymenus sToro ycaoswus,
HETO MOMKHO OXUAATL NPH OOJALIIMX KOHUCHTPAUWAX M B KPHCTa13ax
¢ Gompmoll AM3NEKTPHYECKOH NPOHUNAEMOCTHIO, ( OKA3LIBZETCH 3ABHCS-
UM OT 17, 4 UMEHHO yOmBaer npdH yseauuenud f,, Taxoro poaa e/ns-
nue 7, Ha Q obHapywxeno 8-Zn0O, TiO; n apyrux nosynpoBOIHMKAX.
O cpagn @ ¢ xonuentpammsedl npuameceft cm. [JL 227, ra. 4; JL 2.33).

Buue OWA  paccMOTPEH NPAMECHHH SACKTPOHHHE NO.TyNPOBOAHAK,
Ho ¢opmyau (13.13) u (13.14) npuroasM W 218 AHPOYHHX NOAFNPO-
BOAHMKOB, €CJH TMOA 7, NOAPAIYMEBaTb KOHUEHTDAUMIO aTOMOB-aKIENTO-
poB, a NOA (— IHEPral0 WOHM3ANMM AKUENTOPOB, T. €. pafoTy OTphHiBa
ABpKH. Yposens TepMu ANPOUHHX NOJYNPOS8OIHHKOB JAeKHUT npufiam-
3UTENbHO TIOCEPEAMHE MEKIY YPOBHEM AKLENTODOB K BEPXHEH rpanulei
2a10AHEeBHON  SOHEL. . '

3. JneKTPONPOBOAHOCTS NOJYNPOBOAHHKOB. ANAJIOrUUHO 3JIEKTPO-
NPOBONHQCTH METANJI0B 3ACKTPOOPOBOAHOCTL COOCTBEHHHIX M0OJAYNPOBOI-
HHKOB MOMKHO BHPa3HTh UEPEZ KOHUEHTPALUHM W NONBUAHOCTH HOoCHUTENeH
TOKa, '

B o6wmem cayuyae CMEIMAHHON 3AEKTPOHHOR ® NHPOYHON MPOBOIH-
MOCTH OyJeM WMETh!

a=¢(nb, -+ pb,), (13.15)
rae yepez n B p 0003HAUCHH KOHUEHTDANHMHM SJCKTPOHOB W JHPOK H
yepes b, U b, — BX NOABHUIKHOCTH,

B cnvuyae TOARKO 3NEKTPOHHOR WJH TOJABKO ABPOYHOH MPOBORMMOCTH
u3 (13.13) munapaer coovseTcTayrommil uaed. Ina saexTpoHdoro noay-
npoBoiHuKa (opmyna (13.15) npumer Bura

o, = enb,. (13.16)

Y¥paruenue (13.16) conepkHT nBe BeIWyHHW: ## A b, 3asucdine ot
TEMOEPAaTYpPH. TeMnepartypHas 3aBRCHMOCTb # BeIpaxacrcs ¢opmynoi
(13.14), rie 7 6mn0 0003HAYEHD UYepe3 7,5 B HTON 3aBACUMOCTH, ecau

HEe O4YEHb MAaAQ, NIABHYIO POAbL HrPaET YJAEH exp —ﬁ?] 3aBACHMOCTD
b, OT TeMnepaTyps BHAHA W3 COOOTHOILEHHS

a,=—enb, — en-:l? mi f{‘i—,),,
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OTKY1a
1 e /1
b, == _ — i (‘ .
B 0oasmuHCTBE €CAYYaeB AEKTPOHB B NOAYNPGBOIHAKE HEBHIDOAKACHHbE

N |
1 K HHM TIpUMEHKMa KJHAACCHYECKAd CTaTHCTHKA. Toraa waxoxaenue P

He npeRCTasAacT TPYAHOCTH. Bruucaenue l, OIdHaKG, OKZ33HBAETCA MHOIO
CJ10AKHEE, W Mbl OCTAHOBHMCH TOABKO HA DPE3YARTATAX. PaccesHune 33eKT-

POHOB, OT KOTOPOrO 3aBHCUT A, CKNAJIBIBAETCS 43 NBYX 4acTeH, @ HMEHHO
M3 4acTa, FaBUcRine#t oT TenaoBHIX Konebanah PEUIETKH, H 4acTH, 3asu-
calelt OT PACCeAHMA SAEKTPOHOB Ha aToMax npuMecw. TeopHs mMOKa3sl-
BaerT, 4YUTO, YYHTHRBAH 002 oTH BAASHUA, MOHO BBIPAXKE€HHE IJ49 TOIBHIK-
HOCTH MPHBECTH K BUAY . ,

;—32‘8;?2-1-%7" 7 (13.17)

r1¢ 1epBuifl uieH O0YCJIOBAEH TENJAOBHIMH KOae0aHHAMH DEWETKH, 2 BTO-
poit — pacCesHHMeM Ha HNPHMECHHX aToMax. Kax BuAHO, Npn BHICOKMX
Temneparypax mnpeo6aanaer uwied, 00ychaosAeHHHA KOIe6aHHAMH PEINETKHY.
34aunT, 1P He OUEHb HM3KUX Temnepatypax (cMm. (13.14) « (13.16))
_3_Q
s=al te %7 (13.18)

rIe @ — MHOKHTEAb, HE 3aBHUCAIHH OT TEMOEpPaTypsl # HanpaxKeHHo-
ctu noag. M3 (13.18) caeayer:

3 Q
Ine=1In R—*I]ﬂ T'—m. (1319)
34 - Q
Haew — - In T MrpaeT CPaBHHTENBHO € — 5o HUATOWHYIO DO, CHe-
JIOBATENBHO, 34BHCHMOCTE Ino or %;—-npﬂmaﬂ JHHAS, MO HAKJAOHY KO-

TOPOH MOXKHO OfPEJEIHTh 3HEPrHIO UOHH3AUHH (HAM SHEPrHI0 aKTUBHMPO-
panua) npusmeced, To xe caMoe BepHO d 448 JABPOYHHWX NOAYNPOBOA-
nuxoB. Ias cOOCTBEHHNX NOJYUPOBOJIHHKOB KOHUEHTDAIHNA 3AEKTPOHOB
¥ JBIPOK BHpPaKaeTca QopMya0H, cozep:aiued MHOXHIeNb exp[--g—ﬂ
(cm. (13.4)). B stoM cayuae, ecan (Q, He OueHb Majno, OCTANbHHE MHO-
KUTEAM, BXOAAME B BHpAaWEHde 048 g, TakKxke [AadyT ropasgo Houee

cnalyw 3aBUCHMOCTb OT 7, 4eM IKCNOHEHIHAABHNH uiIeH exp [— —mS;T]

1
M 3aBUCHMOCTL Ino oOT ~ OUATH OyAeT NPAMOARHERHOH, HO C HaKJIOHOM,

3ABUCAIMM GT MIMPHHB 33MpemedHol 30Hh Q”. Teneps mowno cefe
NpeacTaBATh, KakOH BHA JOMKEH KMETb rpaduk 3asHCUMOCTA lns oOf

_T Ha NPOTAKCHUU WHPOKOro HHTEPBHJIEI TEMHEPHT)’P.
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B obnractw HM3KMX Temmeparyp npeobAagaeT TOABKC 3JEKTPOHHas
AN TOAbLKO IBPOYHAs NPOBOAMMOCThL, CMOTPS 10 DOLY NpHMECed uiw
DeeKTOB PEMCTKA. JTOT HHTEPBaA TEeMNEPaTyp COOTBETCTBYET JAMHEH-
HOMY Y4acTKy ab kpuso#t / na puc. 99, IIpM BHCOKHX TeMnepaTypax,
8CJM HE NocjAeiyer NAJBACHMR KDMCTanAaa, 6yaer npeobaanate cOGCTBEH-
196 Has nposoaumMocTe. IIpeobaa-
nanpe CcOOGCTBEHHOR NMpoBOAR-
MOCTH HaCTYTIaeT NMOTOMY, 4TO
YACAO 3JMEKTPOHOB B 33M0J-
HEHHOH NOAOCEe OCHOBHOH pe-
LWIETKH MHOTO OOAblUE YyuCaa
5/1EKTPOHOB Ha NPUMECHHIX
JOHOPHBIX YPOBHAX H TIPH A0-
CTATOYHO BHICOKOR TeMnepa-
Type 60abLIas yacTb SJAEKTPO-
4 HOB GyleT TNEpexoauTh B

TONQCY  NPOBORUMOCTH M3
3an0JAHEHHONW 30HBI, HECMOTPA

;  Ha TO, uTO Q, > Q.
=T Cxoannm 006pasoM 06b-
Puc. 99, Bo3amoxEHIH BRI 32BHCHMOCTR Ingor  ACHSeTcs npeoGaslaHue €ob-

1T nad pBMECHBX 1OAYNPOBOAHHKOB, CTBEHHON NPOBOAMMOCTH TMPU

BHCOKHX TEMNEPaTypax ¥ A
ALPOYHHYX MOJIYIPOBOAHHKOB. JTOMY HHTEpBaAy TeMneparyp Ha puc. 99
COOTBETCTBYET J#ICHHHH yuacTok cf.

[Tepexon 0T 5JAexTPOHHON AAM IABPOYHOR TNPOBOANMOCTH K COOCT-
BEHHOH MPOROIUMOCTH MOWET NPOMCXOANTL pasaudno. Ecan sHeprus
HOHM3AUMH MpUMECeil Mana, TO BCE NPHMECHHE ATOMBl OKaXYTCA HOHH-
SHPOBAHHLIMY YK€ [P HU3KHMX TEMNEPATYpax, KOrZa coGCTBEHHas IpO-
BOAMMOCThL €l HUYTOKHO Maixa, Torza 3a adueHHO BO3PACTAOLIHM
yyactkoM {kpusas //) Oyzer ropusOHTaILBHl YuacTOK /M NOCTOAHHOH
NPOBOJIMMOCTH, C MOCTOAHHWM YMCAOM HOCHTENEH TOKAa WIH naKe naia-
OIWHA Yy4acToK [pm BCAEACTEME TOrD, UTO YCHJIEHHE TENAOBBX Koaeda-
HUfi PEIIETKN YBEAHYHB2ET DaCcCeiHHe SNEKTPOHOB, NOZOOHO TOMY Kak
53T0 OBlBaCT B METAAN3X, FAE TAKHKE UYRCAO HOCHTEeNeH TOKa He BaRMCHT
OT TEMNEPaTyphl, i

DKCREPUMEHTAAbHHNE KpHBHE |lno, ?:) XOpOIWIo NOATBEPKIAAWT TEOo-

\

1

PUIO W 30T BO3MOKHOCT: MO MX HaKJOHY BHuucints Q 0 Q.

‘

[Ipu 3710M, yTOGH W3 XPHBHX Rlna L) Hatth Q m ), He HYmHO

’
T
3HaTE KOHUEHTPALNMN 3JEKTPOHOB {AHPOK) HAH HX NOXBHKHOCTH.
IlpakTuyecku#t nuTEepec 60abuielt 4acTeiO MAPEACTAaBAfET O6/MACTH IIPH-
MECHOH MPOBOAUMOCTH, H SKCHEPHMEHTANLHO OO0CASAYIOT OOHWYHO TOT
HHTEPBAJ TeMneparyp, rae oHa npeobaaaaer. Ha pnc. 100 mana 3zasu-
i :
CHMOCTb lg 6 OT = B mwupoxkom wHTepsane temuneparyp aas CugO, sad-

T































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































